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Thi s s tu dy i s ai med a t c s t a bl j sh i ng- t h eo e e t t c a I 8m l
emp ir i c al b ases n e e ~ss a ry fo r i h e e r ab o r e t t on o r 1111
in s tructional mod e l that wo u ld c a p i t il.l i z e O il s e e on. t lall~ II 'I .. e
l earner s ' s t r a t egi e s k i l ls in eo,"n'l1ln iCll li ,, " tn c nhnn cc l lot'i ,'
pr oblem- solving abi lities in s c t cn c e • An lIn ll ly s i s of
se lec t ed qu otations f r om p s y e h o Li n gui s t s I\lltl sC i " UCI'
edu cator s dea l ing specifi ca lly wit h I h c me nt a l IIru e e s "" >1
involved when engaged i n seco n d l a n g ua g e I tHl r n i nlC IlIlt l
prob lem - so lving r e specti vel y, r e v e al cd that th e re lire
defi n it e s i lJlilll r i tl e s in r e e s onfue plll t l'r" s 1"'lw,', ' " 11" ' ,'1('
two a cti tiv ities . As part of t hi s r e s e a r ch , " n u ll-
hyp o t he s i s WAS tested to t e st wh e t he r an L n t e nse !l 1'1: 1l 1l ,1
l s ng u ag-e l e a r n i n g e xp e e Le uc e , s uc h as orf cr ed hy I ht· Fr ell ch
Immersion program. wou l d enhanc e childre ll' s /Ih ili lles 10
s o l v e pro blems in sc i e nce.
Fifty-four s i x t h -eg r ad c s lu d ent s p e r t Lci p e t r-d in Ih l'
study . Ha lf lhe gro up we r e s t ud en t e s e lect ed Lr nm tilt! ~'r cnd,
i mmersion st ream a nd t he other hal f wer-e s e l ec t ed r r Of" tllt~
regul ar u n il i n g u ll l s t ream. A lim i t e d con tro l o v e r- 1 . Q . " ,u l
socio- ec o nomic l eve l was exe rc is e d . The t wo gro up s were
admi n i s tered a t wen t y - s i x- it em c r it e rio n - r e f e r e n ce d t es t ,
i i
Th~ .. ul t i p l e e he t ee i t c . s we r e d e s i a-ncd t o a e a a u e e t h e
tlc l: r e e t o wh ic h s t u d e n ts d e v elop p r o c e s s e s o f s c i e n c e in t h e
c l cnen t s r )' t ev e t s lr rades ., 5. and 6 .
Rc su l t il ind i c at ed t h a t th er e .. e re no s igni f i c a n t
d ir fer c n cc s in IIchicve.en t be tw e e n t h e two g roups . The
r e s u l t s were i n te r p r e t e d i n J i i"ht o f t he d e s i gn li mit at i on s .
Th e d i s cu s si o n t ha t f o l l owe d se r ve d t o es ta b li s h a
theor eti ca l fr ame wor k n e ed ed t o e l a bora t e a n instructi o n al
mndel 3 irred lit p romoti ng chi ld r en s t r a n s f e r o f s t e e t e g e t r c
s k i l l s f r o m s e c o n d lall g u8 ie l earn i ng t o p r c b Lem-ea c l v i n g ,
Ha s ed o n t h e u s c o f n et a cognit iv e s t r e t e g Le a , s u c h II mod el
wh en p ro p e r ly i1np l eme n t e d. co u l d ha v e b i - d i rec ti o n a l
p o s it i v e e r r ec t o n th e c h i l d r e n ' s llIas te ry o f bo th s u b jec t s .
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CH~ PT f.R I
I NTRODUCT IO N
Th e me i n p u e p e s e o f t hi s s l udy i ll I n p r O\, Il:' I'
8. t bc o r-e t t c e t f ound a t i on f o r t he os pl c r e tl o n or s " c01\11
l l!.ngu a lfe l e a r n i n !: a s a lIIe a n s t o e n ha n c e s t ll ll !' lI l s' " hi 1 i I irs
at "o l v i ng p r obl e lll$ I n se t e n e e • Evide n ce t o :ll lf>p or l 'h i '
v al i d i t y o f t h i s r c un d e t t c n was K'at h e r ed b;,o flYIII III'N i1.I " 1:
t heore t i c ia ns ' v i e ws o n I ) t h e p r ec e s s e s o f I lln l: ll lllt f'
l e a r n i n g a n d 2 ) t h e p r o c e s s e s ot p r nh l r . - .... ol " i lllC i ll s c i .. .. e e,
Ex i s t in g s te t t e rt t t e s b e t w c cn t h c 1100 s e t s of lII~n l H I
pr o c e s s e s we re Ih en h i g h l il t htl'd .
To fu r t he r s upp o rt a n ",rgum"n l f o r thc 1' la hu"lIl i ,.. , fir
s u e u a ercde l , 8 cri t c rl on- re fc r .::: nce fi l e s t Kim ,',1 III
e v a l u ating e lemen t a r y s t ud en t s ' p rOKr c S!! wi l h re6l'IIrd I .... lit e
u s e 0 1 I h e p ro c e s s s k i l ls t o s o l v e prob l ems i n s c Lc uer- WII S
a dmin i st e r ed t o t lllO g r oup s ot si x t h - Rra de s t udent s , On e
group e cn e Ls t ed o f b ili nru a lly edu e e t e d Fr e ltc h i"""r:; i o ll
(Fl) s t ud e n t s who h a ve be en i n th e pr Olf r " m s i nce
k i nd e r g ar t e n a n d an o t h e r " roup wa s mllde up o f tI~lt ll l " r ~ l r ' ! l l '"
s t ude n t s fo r whom En gl is h wa s th e l " ngu lIIC e o f lns t ru e t i o n,
Th e a.ve r age sco r e s o f t he two g r a ul' s we re t h e n clllll r", r ~d 10
d e t erm i n e I f th e r e w a ~ R dif r.~ r ene e i n thei r " lJi li t i e li 10
s o lve pr ob l ems i n s e j e n ce ,
fo'ren eh I IWGe r ,s i o n P r o g r allls Def ined
In Cana d a t he t e rm "i mmersio n" r-e r e r s t o p rog rs ms i n
which in st ru cti o n i s g i v e n in F renc h du ring 11 11 or pa r t o r
the s ch o ol da y to s t udc n ts whose mother t on gu e i s Engl ish.
" Ea r l y " mcen s tha t th e p r o cess or i mmer s ion s t a r ts whe n t h e
s t udcn t i s i n Kind ergart en. La t e wou l d s i gn if y t hat th e
~;t udcllt bc gllJl the prograIll I n g r a de 7 . TIre a im ot lid s
progrllm i s co mmun ica t ive co mpe t e nc e in t he F ren ch languag e .
It s ma in e hn r ae tc ris t ics a.rc (1) that the l a ngu ag e ot
i nstru ction i s incid ental t o e d uc a ti o n a l content, ( 2) that
c hi Id r c n l earn t he s ec on d l angu a g e in It. natur al ma.nne r in
th e i r dai l y i nteractions with F r en ch s p e a ki n g t eachers and
t hrough s ub jec t matt er t a u g h t i n Fr ench , a nd ( 3) t hat t he
introd ucti on o r c l ass es i n t h e moth e r tongue i s done
p;radunlly unt il the nerce n t aae o r i nstructiona l time in b oth
l e ng un g-cs i s balanc ed.
S f. t c lAc n t at t h e P r o b le lQ
Th e p r obl em wa s to p r ovide theo retica l argument s a.n d
eID •• ideal e v i de nce that l ea rning a s ec o nd l a.ngu a g e ha s
p u r a Ll e l a wl th the a ctiv e s t rat egic proces s e s th e c h i l d r e n
e xp e r Len c.; when sol v ing pro b Jem s in s c i e n ce. The working
hypot hesi s was s t a t e d 85 : Chi l d r e n wh o at tend a n earl y
F r en ch i mme rs i o n p rogr am d ev e j cp lin e nhanc ed abili t y to use
the ba si c and i n t egr a t ed p roce s s es t o SOIYe p rob lems In
a e Lc n c e , In th e null f o r m t he hypo the s i! i ll fo r " l.Ilat ed as;
The re is n o sl g n i r ic a n t d iff e r e n c e be tw ee n g r e d e ~ i x FI
s t u d e n ts an d r el[u l ar s t r e aM g r ade s i x s t ud e n t s i n t h ed r
de ve Le praen t or ab ilities to ue t t t e e p r oce s s s k i l ls in
ae Len ee ,
Par e n t s f r eque n t Ly exp re s s ccn c e r na a bo ll l t h c
ef fecti vene s s o f t he F . l program a nd i t s p os s i bl e s t d e
eff ec t s . Th eir q ueri e s 8rc d i r ec ted mtli nl y t o whc tl ses- t1u.'i,"
c h i l d r e n wi l l become b i l i ng u a l at t he e nd or ti le (' r olt"""Il ,
whe the r t he y wi ll 10 1le t hei r nati ve I tln l:UAlt C lind e t s o huw
th e p rogram wi ll a r t e c t the ir c h ild ren ' s c Ol{u i t i v p.
dev e l cpeen t , McE a chern (J 9 80 ) d i d a s u r ve y of p a r-c n t a l
a tti tude tow a rd th e FI prog ra_ . In h is c o n c:l ud i n lt s t e t eeen t ,
he r elllsr k ed : .. . . . i t wou l d s e e_ that ther e i s " Ken er. 1
mal a is e t e lt by par en t s at Eng li sh l all liu . i c k indc r l{lIrt..,n
c hi ld r e n wi t h r e s p e ct t o t he ov er a ll Itra_ th o r c h i l d r e n in
Fre nc h i nuae r slon " ( p.24Ei) . Acco rding t o CulltJlll ns (1 9 80 ) or
t h e On t a r i o In s tit ute f o r S t ud ics in Ed uca t io n , f e w pr0ltraaHI
st a r ted in Ca nada h a ve been e val u a t e d mor e t ho r ough l y t hll n
the l llllllc rs i on p r Ol[r am.
McE a c h e rn (1980) ho ld s t h e e duc at io nal cOlDllIu n ity
r e s p on s i bl e f or p r e s e n ti ng in f or llla t i on t o p a r e n ts o n t111~
success an d op por t u ni tie s of th e FI p rolf ralll. The pr e s ent
r e .!lc a r ch i s .esn t t o pr ov i d e i nf o r mali o n on th e e f fec t o f
the p r 0lt r a .. on th e c h i l d r e n' s a bi li t y t o so l ve pro bl e llls in
a e Le n c e , The r e s u l t s o f Ih is r e s e a rch wi ll pr ov id e t he
e en c e r n e d po pul at i on a d d i t i o n a l In for l'la t l on on whi c h t o ba s e
t he i r d e c i s i on whe n eo mJi d e r i n g a Fr enc h i mMe r sion ed ucati on
f or t h e i r c h i I d r en .
Thl !'! !i l ud y WAS a l so b r o u z h t a b ou t by r-e s e e r ehe e s
i n te r e s t e d i n kn owt nl' mor e abo ut th e e f f e c t o f seco nd
la ng uage l eA I'ni ng on c h il d re n 's a c ad emic a bil l t ic s . Lapk in ,
SWlI l n , lind She p a c n (1 9 9 0) e s t ab l La h ed a n llire nd a o C r e s e ar ch
i n Frenc h Imllle r s i on Co r th e 90 s . Th r e e o C t he a r e as t h ey
Id ent if i e d a r e p e r tine n t to t h i s s t udy . One a r ea I s
c on c e r n e d wi th cor n i tJ v e e f f ec ts ; r e s '!a r ch e r s a re c ha l j e ne ed
t n d e t e ee t n e th e c a u s e o f t h e b i l i n r ual ' s e n h a n c ed a b i li t y
a t so lvi nlf corn i tlve t a s ks . Me lllb e r s 0 1 t h e th e l l ngu Ls t Le
c o_ u n i t y wonde r whet he r it i s that b i lin l' u als a o l ve
c OlCll i ti vc t a sk s dit fe r e ntl)' o r that t he a d v a n l alt e i s du e t o
a h igh e r r at e o f c o ltn i t h e de v e lopme n t e nge nd e r e d by th e i r
sec o nd l an gu a g e l e a rn i n g e xp e r i e n c e . Lapki n , Swai n , Shaps o n
(1 9 90) s t re s s Ih ll r e s e ar ch i n t h e a r e a o f c Dltn l t i o n s h ou l d
f OCIIS o n p roc e s s ra th cr t ha n o n produ c t va r i a bles .
a no t h e e Ir ca f o r fu rther r e s e a r ch i s co n c e r n ed wi t h
Fr enc h ach i ev eme nt . Re s e ar cher s a r e c e l Led t o g ather
in f orma ti on with regard t o t h e p r ocesses under ly i nlt t h e
acquisition o f Fren ch in a n immer sion c c u t e x t •
Ca l ls f o r research i n t he areas of a c b i ev eme n t ill
s ubject s o ther t h an Eng l is h o r F re nc h a re a l s o p r o s e u t cd 011
t he a ge nda . Th e p a r f i eu l a r que st io n po sed i s :
Do ce r tai n s ub jec t ar e as l c nd l hems ,dv e s
more r e adi l y t ha n c rh er- s t o be ing of fer ed
i n t he s e c o n d l a ng u ag e in l erms of co " lrml
learning , s e co n d language lea rn i ng , alld Lhe
i n t eg r a ti o n of c o n t e n t e nd J an g u ltKc ? "
(L ap lcin et aI. , 1 9 90 , p .fi 43) .
The presen t s t u dy wil l suggests t hat p r e c es a e s of N.d .· .", /,!
a n d l ang ua g e l e arn ing arc vcry s i mi l a r . Arons (19110)
p redic t s e nhanced f a c il it y of in t ...r di s ci plin n r y l ra nsf " r n f
s k i ll s i t a c hi ld is s i mu lt a n e o us l y exp osed to the a nmc mode
of r e a s on t ng i n di ffere n t s u b j e c t a reas.
It i s hlirhl.v re co mmend cd by s ome s c t cn ce e duc e t o r s t hn t
the pr oce s se s b e taug ht in t he s c i e nc e c lassroom . ioh i n IIII'I
Capie (1982) studied t h e r el at i o n s h i p o f n t ne t yp es o f
academic e ngagement a nd i n tegrat ed p r o c e s s s k i l l s
a ch t eveme n t . The ca t e go r- i e s o f t he s c e n~aKemcn ts wur-e t
att e n d i n g , reca l l i ng , co l le c t i ng , co mpre he ndi ng,
qu a ntify i ng , p l a nm n g , g e nera lizing, non -ioog n j t Lve lind of f -
ta s k . (To b i n and Cap i e , 1 9 82 ) . Th ey f o und I ha t tltle lldi uK /Iu d
genera liz ing , to ge t her wi th f o rm al r ea so ni ng a btlt t y , we e e
re l ated to proces s s k i l ls a c hi ev e men t and r-e t e nt lun , Til ey
invite re s earchers t o f ur t her e xp lo r e t h i s fillid .
Th e . od es t c o n t rl b u tl on or this r es e ar ch wi ll hope fu ll y
tr!lur e r .o re d i ilcu s lJlon s r o cused on und er . tand i ng: wha t
c h i Idr en do when t h ey l e ar n a s e c ond I _nc v _c e o
CIIAPTE R II
REVI EW OF RF:LAn:1l EMP I R ICA l. AND TIIRORETI CAI. STIIlH I~ S
"TIl e y ma k e p r edi c t i on s , I:o n fi r m o r /'(~ j t' c l !I ,)'I " ,l/u' S I-" ~ .
c c r r e c t , an d cc n t Lnue ; " ( Courtl and , 1 99 1).
One might as s u me t h a t I hc s o \'lo r ds we r e wr it t e ll hy f\
sc ienc e educ a t or to de s o r l bu s o me o f the IQcnl lll p r oees s os
c h l l d r-e n use t o so l ve p r obl ems ill s ci e ueo , Thcy w er c ,
ho wever. wri tt en by a lang UAgc e duna t or- who r l'V i t: WI,,1
p s y cho l ingui s ti c lit e rat ur e , P s y c ho l i lll{lli s l s n r o (~lJ II C(! I' fl l' ( t
wit h the ee l a t t onn h I p bc t vcc n m c s s eu e s ,11 111 till' hllllUlll
c ha r ac te ris t ics o f th o s e who c r-e a t c a ml i n t e rpr ct l h" fll . Tlil''y
s tu dy : a) t he men Ia I p r OC(' SSll S s p ll u k . ' rll o r we l t ee s
e x pe ri e n c e i n t he i r a t t e mp t 10 co nv ey i n t ent i on s vlu " c ml" .
nnd b) t h e s u b s oque n t d e c od in g p r uc e x s cs I i sl elll' r s 0 1'
r-e e d er-s e xp e r i ence i n th ei r at te mpt to s s uimtla t e t ilt , s t~lll
me s s ag e .
A l i t e r at ur e r e vi ew usull i ly a e r v e e th e f>ll r p u s t' o f
estab l is hi ng b o t h t h ec r-e ti c n l p e r s p e c t Lves 1I/1e1 c mpil' i .:a l
f in d i ng s in t h e r ns e e r e ho r's p e r-t l c u La r ric- I II o r
in v e st i g a ti on . The p r es en t re searche r wi l l abide- hy 1I1 i s
trad i tion In p r es ent in g f\ ee nvc n t ton a l llt e r nture ~wllrili . i ll
pa rt I b u l wi I I a l s o digr e s s s l ightly f r otn th l! s tli lltlit r d
f o rma t i n pr e s enti n g a p a r t IT . Tld s i s nl!l:es sllry lW(: HIIS l l " r
the mor e th eoret l eal than empirical nature or thi s
invest igation . Th e literature se a r c h in part II will be an
i n t r i n s ic part of hypothe s i s testing ror th i s s t udy . It wi 11
a ttempt to asses s the theoreti cal val id ity of u s ing the
s eco n d languag e learn ing proce s se s a s a tool t or the
e n hencerec n t o f c hi l d ren 's s ki lls at us Lng- the sci ent i fi c
pr oc es s es.
Th e s eco nd part of th is lit e ratur e s ea rch will b e a i med
at v e r i f yin g the s m tl ae t t t es b etw e en two s e emi ng l y
different lea rn ing activit ies . This will be done by
seman t i c a l l y analyz ing theoretical p u bll.c a ti on s i n the
respe ctive dom ain o f s ec on d languag e learning and s ci e nce
pro c e s s s k i Lf a , Vi a a mapp ing p r oces s the simi l a ri ti es wi l l
b e highl i gh ted .
LI terature Re"iew Part I
Science procesl'll skill s - prerequisite to reading?
A wo rk tllat closel y r e semb l es th e pr e sent stud,)'
was don e by Merr icks ' (1975) . Th is r ese a rc h was c on ce r n ed
with the pos sibl e enhancement er r e c t o r l earning sc ienc e
pro c es s skills on r e ad i ng ab i l ity. Me rrick s ' review of
l ite r atur e revealed the r.e n e r e I op in i on that the learning
or sc ienc e p r ocess s k i l l s s h o u l d enhan ce the r eading
a b i li t y or c hil d ren. Merri ck s went o n to es tabli sh a
theore t i c al r el a ti onsh ip b et we en science and r e e d ine ,
She li st e d c.1I th e b a si c s k ill s n eed e d to ma s t e r II.
r e a d in g aetl v i t )' a n d compa red them t o t he sk ills chi dre n
would ex e e et s e i n a p r oc e s s - o r ien t ed science class . In a
pr o c ess - o r i ent ed e n vi ro n ment, c hil d r e n wo ul d man ip ula t e
co ncre te objec ts i n o rde r t o aequire the s k il ls of n
s c ienti fic investig ator . Merri cks su g gests t hat ICll. r ll i n~
s cienc e proc e s s e s h e lped t o es t ab lis h good r ea di ng ha bit s.
Me r r i ck s disco vered that gr ad e o n e s t uden ts who
f o l lowe d 8 p rescribed science component curricu lum wb i c h
c o ns is t ed or a co mb i nati o n or KS CS (Elemen ta ry Scienc e
Cur ric u l u m St u dy - a process -bas e d s c t en ec c urric u l um) lind
SRM (Se lected Reading Mat e ri al - r e a di. ng ma t eri al s e Le c t ed
by th e invest i g a t or re levant t o t h e t opi c s a nd
a ct iv iti e s o r th e ES CS kit s) e c h i e ve d si g nifiCAn tly bett er
o n th e Gates - MaeGin i tie Read in g Tes t t han g r ad e o ne
stude n t s who were ins truct ed wi th ESCS III on e , SRM al on e ,
o r wer e n ot g i ve n an y s p ecial instru c ti on. She a lso
df s ee ve e ed t h a t th e g ro u p Inst r uc ted wi t h ESCS a l on e d i d
s ignificantly bett e r than th e SRM or con t ro l g r o up , Th e
trend was not. however , o bs e r v ed at t he g r a de J t eve t , She
su r mised that l earn i ng the sc i e nce pro ce s s sltl l l s ha d mo r e
i n fl uence on the c h il dren 's readi ng s kil ls a t a n ea r lie r Ilgc
t h a n a t a late r st a ge.
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Mer ri ck s ' work thu s sugges ts a c lose
eela Ll urrs h I p be tw e en a c ompo ne n t o f l a ng ua g e l e arn in g ,
n~mc l y r e e d i n g c omp r ehe nsi o n, and sc ie n ce proces s s k i l ls .
TIle p r es ent research i s s i mi la r i n the sense t hat i t s ee ks
10 ma k e t he co nn e c t i on bet wee n lang uage learning and the
aqu Ls t t l on of science pro ce s s s !: i l ls . It d if fer s i n t hat
it s ee ks t o pr o vi d e eviden ce t h a t a form of l a ng u a g e
Icarn in g, n arIH!ly second l a ng u a g e l e ar n i ng , h a s d ev e lopmenta l
po t e nt l a l f o r enhancing ch i l d r en ' s skill s at using the
t he proc e sses of s c i e nc e . I n a c er t ai n wa y it is
t he reve r se of Merri cks ' pos ition .
I' lla rni ng 8 s econd l a ng u a g e - Ef fect on co g niti o n
Tuc k e r (I !Hll) a nd Ke s s l er & Qu inn (1 98 0 ) r ev i ewe d
li t e r a t ur e 011 the e ffe ct or bil i ngualis m and se co n d l an gu age
I l'a "n i nl{ ' Ill c ogniti on . The y repo rt t hat th e early
I f t c e e tur-e , pa r t l c ul e r l y before the 19GOs , wa rn s o f the
r i s k s t nvo t v cd in e duc a t i ng a c h i l d b il ingua l ly. The
r e !' ~ 8 r c h p rodu c ed t heo ri e s wh i c h c l a i med t hat ps ychi c en ergy
us e d li p by the bi l ingu a l s in thei r a t t emp t s to mas te r th e
l ang u llg e wa s do ne e t the ex pense of th e rsc t hc r tongu e and
ot her sk i l l dev e l opere n t , Bili nguali sm was a s sociat ed wi t h
mental conf usion, l a ng u a g e h a nd i c a p , re tarda tion of
con ceptuali :z:ation, a nd schi :z:ophre n i a , not to men ti on a l a b e l
o f be ing moral ly unt ru s t worthy .
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Co n tempo ra r y res ear ch e r s c la im qui t e tli f f e re nt
a s so ci a t ion s wit h b i lingua l i sm th a n car l iN s tudtes ,
Most co n t e mpo r a r y r es ea rc h e r s c la im th at t he p roc e s s of
l ea r ni ng a s ec o n d la n KUlllrc e nha nc es t h e j ua r n e r's cO Kn i t i VI'
g r o wt h ( Be n Ze e v , 197 ::!; Cummi ns , 19 83 ; Ke u lcr <Ie Quinn,
1987 ; MalakoU ,1 988; Lamber t 19 90 ) . S i m i la r f iTul in!t s wr-ee
r e po r t e d in nin e dt r r e r c n r cou n t rie s .
Th e ee r l i e r- s lu d i e s we r e c ri t i c iz e d on 1 1 1I~ il'
me t h o d ol o g y. Th e y we r-e ba s ed 0 11 e x p e r i e n c e s ill t he
Uni te d s t e t es wh i ch d ealt with i mmig ran ts l e a r nlnjr ~ J1 ll' l is h.
Th e co nclus i on s wer e f ound l a t er t o be r el at ed to o t her
f a c t or s , su c h a s SES , ad ap t i ng t u II II t~ W euv t r o ueu-nt , 1~1 1: • •
r at h er th an t o t he f a c t or b e ing b i l ingu a l . 'l'u c ke r (I ll!l! )
no ted th at i n a l a r g e numhe r o r c as es I i t tle st t omp t 'II " !1
mad e t o a s se s s t he p r o fi c ie n cy l e v el o f th e " h i l i ng u o lll"
un de r i nv e s ti ga tion .
Th e " n eg a t i ve " re por ts we r e ul ec e XlI.llI i n c d fr oUl n
p ed a go gi c a l po in t o f view , Con t empo r a ry ees e n r ohc r s
co n s i der ed t he p ed a g o g y o f i ns tr u c t io n f or t he "b I I i fl ll"IUII "
as b e Lng of t he "aub t r a c t l v e" t yp e . Lam b e r I (1 1)75) proflo snd
t he no ti on s o f " sub t rac ti v e " a nd " addi t iv e" bi Li ngn al Lmu,
Su b t rac ti ve b il i.ngu a l is m i s a li ngu i s t i c s e t t tng i n " h i d l
the learning o f a s e c o nd langua g e o c cu rs III t h e ex pe nse "r
t h e mo t her t c n a-ue , Th e l e a r ne r s r ind I -. c los e ! ve il "s u bme rse d "
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in a to rei gn lanl{uag e whil e not nu r turing t he ir nat iv e
I a n ltua g e (LJ). T hey 8. tt empt t o concep t ua Ii e e 1. e , , u se the
l ang uag c llS an instrument or t ho ugh t , with i niti al access to
v er y littl e fo reign l angua g e vo c abulary . It i s r ea s o na bl e t o
IlSS UIllC t b a t unde r th e s e co n d i ti o ns a s lowi ng d own G t th e
c0 ltnitiv e g row t h cou ld r es ul t.
" Addi t i ve" b i l Ln g ue l Lee , o n tlt e o t her h end, r e r e r s t o
th e lea r n ing o f LZ und er o ptimum co ndi t ions wh en t h e
cog rd t i vc g row t h ot t h e s tuden t i s actua l ly en hanced by
becoming bili n g ua l . Thi s ph en omen on, howe ver , occu rs on ly i n
». v e r y few c a s es . Res ea r ch h as n o t y e t e x p l a i ned how or why
it docs occur . Th e F renc h i mme rs i on p rOKr aD1 1 1'1 a good
ex a mp le or an att empt to pro vid e t his k i nd o f "a dd iti ve
bi l i ng ua l" edu c a tiona l s e tt i ng . In thi s p ro grazn chi ld ren
l earn a second la.ng u a ~ e wh i le n urt u ri ng their mother t on gue .
Re s e ar cher s a re n ow, ho wev e r , ac kno wledg i ng po ss i b le
det r iment t o Fren ch i mmers ion s t ud en ts' lea rni n lr or
s u b j ect ar ea con tent . Tr ad e - o rt s IDay lead to e tudc n e e '
s u f f e r i n g of c o n ten t lal' i n s ome subj e c t ar ea s . In a n
a ttemp t t o ex p l a i n wh y so me s t ud e nts c o u l d be n e f it fr om a
b i l i ng ua l educ a t io n e x pe rien ce and o ther s cou l d i10 s s ibly
s u f f er some ne g a t i ve co nse q ue nces r e l a t ed t o c u rr i cui urn
co n ten t , Cummin s (1978) pr opos ed t h e ' t h re s ho l d hypoth esis ':
Th e t hr eshoJd hypoth esi s prop oses tha t
th e c ogn i t i ve grow th and a cademi c effect s
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ot b ili ngu al i sm a re med ia t ed by the l evel s of
comp e tenc e wh i ch th e biling u al chi l d a tt a ins
i n £ 1 an d L2 . (C u lIUll ins 1978, p . 858)
The hypoth e :d s f u rt h er s ug gests that the chi l d must a tt a i n a
min i mulD l ev el of compet ency i n th e sec o n d l angUAge in o rd e r
t o av oi d c ogn i t i v e disad vantage and , co n v c r s o Ls , IIIU St a t tai n
a h i gh er mi ni mum l evel in o r der to be ne f i t f r o l1l th e pos i tive
ettec ts o f b ilingu ali sm . Cummi ns (1 978) cla im s tha i Dlosl o f
th e ea r 1 i e r stud i e s , prop os lng the ner a t i ve i mpllc t o f
bilinguali s lD on c og n i t i on , we r e carried o u t wit h ch i l dren
learn in g in a "sub t r acti ve" lingu i sti c env i ronmen t , whereas
th e mor e r e c ent s t ud t es i nv o lved subj ec ts " i mmc r lw d " i n B
langu age pr ogram - a n "a dd i tive" b ilingua l i sm con t e x t .
Carey (1984 ) doe s not deny the po s si ble e xis t e nce of Ii
r elat i on sh ip between bi l i ng ualism an d c o g ni ti ve enhaneeieon t ,
Car ey c laitns l h o wever. th at t her e a re n o s t ud I es :lho " i n"
"po s i t i v e " r e sul t s whi ch ce nn e t b e cha l lenge d o n ltro und s of
s t u d en t se lecti o n , par en tal and teacher a t t I tu de s o r s c e Lo -
eeen e e t e sta tus . He r e cceaends t ha t e c r e r es ear ch n e ed s h e
don e i n order to establi sh a dc ti n itJve r elat ionshi p be t ween
e econ d languag e l earning an d co g ni t i on,
The d isput e over t he infl uence of b il i ngual edu c at ion
on co gn i t i o n s e e ms to ce n t e r on th e a hi I i t y t o concep t ua l Lz e
( dec la ra ti ve knowledge) . Con c e pt s , ev en ts a nd fa cl s we kn ow
ab ou t a re c lass i f ie d as de clarative knowl odlf /O! , The fo cu ll o f
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t hi s s t ,. d y , he we v e e , i s co ncer ne d with the i n f luenc e or LZ
lea r n i ng o n p r o c ed u n l knowl e dge . Pr oc edu ra l knowl ed g e i .
co n c e r ne d wi t h s k il t s and p ro ce s ses th a t we kn o w how t o
per r ot. ; it Is be st l earned b y obs e t v t n ll' an exper t mod el a nd
p r ac tic i n g: o t t e n . a c cD llIp an ied by f e edba ck (G a r n 4! 19 85) .
Tbomp s on (19 90 ) e o .ndue t ed a n In te rvi e w s t u d y AmOOr
sec o n d.r y sc hoo l s tu d e n ts to ass ess t h e ir unde r standi ng or
sc i e n c e p roc e s s e s . lIi s f i nd i n g s r e v e al ed t h a t s o me s tude nt s
IIIfty not h e a b l e t o exp l a i n wh at t h e s c ien c e p r o ce s s s k i lls
a r e but a r c n e ve r t h el e s s pr oficient at tls t nl{ th em . J a c ob
(1991) p re par ed 8 report on t he e va luation of t h e progres s
o r s i x t h-g r a d e s t u d en ts i n u s i ng th e p r o ce ss s k il ls t o s o l ve
pr obl clu in s cien c e ( Ne wf oun d la nd a nd La br a d or: A Repor t o r
1090 Eh '.ent.r1' S c i enc e Assesslle nt) . He r epo rt s t ha t the
s l ud e n t s , even th o ur h t h ey were no t (' lve n r orlllal i ns tru c tion
in the i n tt!' g ra t e d p r oc e s s es, d id be tt er t h a n a n tici pated on
que a I i on s t n ve I v 1"(' i n I e r r. I ed proc e s s e s . I t wo u ld thu s b e
r eaa c ne b l e to s ult ir es t t h a t a defici en cy i n d e e t aee t t v e
knowledge d o c s not eu t osaa t l e e l l y i mp l y a d eficien cy i n
pr-oc ed ur a l knowl e d g e .
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Po s i th e e f fec t o f L2 lea r n ing on p r ob lcal-so l ving
a bili ty in s ei e n ee
The hyp othe s J s o r th i s o:t udy C'm" nll l('~ llIo !!'1 dir e ctly
tr o lll t he t h eo re tical t r am ework .5 cona t r ue t ed by x e e s t ee "'ItI
Qu i n n (1 9 80) . Th e y h a ve f es j e d th e f ol l o . inK h) 'p ulh c l'i .ll:
• •• add i the b il in lru al s thal/ in cr le a rn ed II s e ce nd
langu a ge wi t ho ut l o s s t o tb e fi r sl ' ' a ug l. 1 "0" ( 0
a pp ro a c h t h e di s crep Ant s i t ue I i on s p r-e s e n t e d in
s c i en e e p r ob l elli S ., i I I cxper j co er g r e .. t cr KA ill s
i n th e i r hypoth ~si s qua l i fy Bod l i ltlfu i sti c
complexi t y "le o r es t ha n t he ir mo n o / l oKlu ll p ee r s .
(Ke s sl e r a lld Qu i nn , 1980 , p , 29 9) .
The sub j ec t s t or t h e i r e xpc r t mc n t "'01' (' s l x t h - Itr lld c s t ud ent s ,
Two g r ou p s we re mc nc l t ng-ua l En gli sh- sp cllk ill j,f ( n con t r o l /Iud
an ex per imen t al It r o u p ) and t wo o t he r Kr o up N 10 1'r (~ Spn n i s h -
Eng l i s h b l Lf ng u a l a , The Hi s pant c- Al8e rl c llfl s tl lde n t:l we re'
s pe a k i ng pu pi l s . The e xpe ri _ e n ta l 18o noli njf\la l /lin d J.i l i nKuli l
cr ou ps wer e i ns t r uc t ed o n .c t h ods o r a c l e n c e i n q u i r y t h r oult"lI
r l l . s a n d di s c us s i o n s o r phy s i c al sc ience p r oble'8!II . The
st ud e n t s we re as k e d t o wr i t e 8 5 _a ny hyp"th e ~ " s a s th e y
cou l d t o l ea d a n i n v es t i g at i o n o r the p r o b l e m!! p r e s en t ed .
Th ey wer e t h en t o u s e Qu inn ' s lIypo th e si !l Qua lity S r.a lt~
(197 1) to e v a lu a te t he i r hyp ot he ses a n,l 10 il1lprovp t b ei r-
r o rlllulati on , if n e e d b e .
At t he e nd o r th e tra in ing s c s s t cn e , th e c h i l d r e n w.. r e
p r esented wi th addi ti ona l f i I m s ess i o ns lin d " e re o:<l kc d to
write .5 ma ny hyp o t h es e s as p o s sl b l e (_dt h i ,. Ihe II110 wed
"li .. e li. i l) t h a t cou l d r e a s onebly h ad t o an i nv e s tig a tion
t o s o Lee th e prob l e . s pr e s ented . The hy potheses we r e sco red
t o r quali ty and s yn t a c t i c c Olllp lexi t y. The 9••e fil ms we re
pr e s e nt e d t o t h e co n t ro l groups who we re a l so e va l ua te d on
th e s ...e c r i l er i • •
The e es u l t s s how e d t h at t he Enlt l ls h mon olingual
e xpe ri men ta l gr oup (g iv en i ns t r uc tion in s c i en c e p r o b l e m-
solving si tuatiO IlS) score d si gn'fi c a :l tly high e r t h an t h e
escn c t I ng u e l c on t r o l g r oup in t he qu a lity or their hy po th e ses
a nd in th e s yn t actic comp le x i t y o r t h e writt en la ng uag e t o
e xp e e a s t h em. Th e I nst r uc t ed bilingu a ls or 8 l ow SES
g enerated hyp othe !le s or • eucb h i a-h er q uality and comp l exit y
th8n d id th e b i I i ncu8 1 ee n t ec I g r o up .
Mor e r el e v a n t t o the pres e nt s t udy i s the compa riso n
b et wee n t he IochieYc.en ts o f biling'u al and .onol i ng ua l
l£"ro u p s . The me a n s co re or t h e co n tro l bi I inj{ ua l group .as
sl ij{ h tly a boye t h at o r th e c o n t ro l lIono li nl'ual I'roup . Both
ex pe ri_c n tll l group s s howed s i gn ificant ita in s (p < . 0 0 1 ) liS a
r c s ult o r h a y l nit been i ns t ruc t e d t o torm ul a t e hypothes i s.
Th e gai n , boe e v e r , t o r l h e bi l ingual r rou p wa s ~ • • • t ar
e r e e t er th a n that f or th e mono li nrual {r ro up l. "
The re s ul ts pertain ing t o th e c omp l ex it y at the
I lIngulIjfe u s ed t o ex p r es s t h e hy poth e ses a re al so
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i nt er e s ti ng. Sco r es on th e c omp l e x i ty o f l an~ll " g c f o r t hu
monol ingu al c on t ro l g r o u p we r e s l i g ht ly h i gh er t il/HI th e
sco res a t t a i n ed b ;)' th e b i I l n g u a l c o n t ro l gro u p. Uoth
e xp e r i me n t a l g ro u p s s h o wed s ig n i f ican t g a in s ( p < . OOI ) ill til . ,
c omp l exi ty o f th e l a ng u a g e use d 10 e xp r o s s t he ir hy po t hc s e s ;
o f t he t ....o , h owe v er, t he b iling ua l g r oup scored hi l:lll' r . T Ill'
r es ea rch e rs fo un d t h at t he r e was a h i gh c o erela t t c n bet weeu
sco r es on h y po th e s i s q ua l i t y a nd s y nt ae t l e c omp l e x i t y
s ugges t i ng t he f oll o win g " .•• t he cog ni t ive Rb i l i ty 10
f ormul at e sc ien t i f i c hy p o t htHlC S lin d th l' t l rur u l s t Lc
co mpetence t o ex p r ess th em t n v ol ve s ome o f t he s lime
un d er ly ing o r ga ni 1.i ng p r Ln c l p l es s v, Th is is n n Ln t e r-es tlru r
o b s e r v ati on tha t t en d s t o p r e v l d c ev id e n ce s upoo r t i ng tlu-
pr e sent work ing h y p othe s i s .
Th e pres e n t s t udy diL f ers fr om x es sl e r nml Qui n ll ' s i ll
that it do e s n o t pro vi d e t rai ning a i med dl r eot Ly li t
o u tc omes t o h e te s ted. Al l the s t ud en t s w i l l h a v e
b e en in s tr u ct e d wit h th e sn me r e g ul a r t'l ePlcn tll r y s l:i '~ Jl f : "
c u r ri cu lum. Th i s s tu dy i s a l s o n ot l im i t ed t o til l'
ex ami n at i o n o f a b i l i t y t o f ormu la te hypoth e s e s . I t fO <: lI s e ~
o n t h e st ude n ts ' a b ili t ie s t o u s e , in ge n er a l , a l l
p rocesses - ba s i c an d i n t e g r e t ed • I t i s aime d a t
de te r mi ni ng' whe t he r t h e r e i s a s i g n i f i c a n t dir f crl! n e (~ ill
g e ne r al ob i l i l ies t o u s e t h e p e o ee s s es i n a cie n ec h " t wl' I'"
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II gr oup of "O flo l l nj{ua lly a nd II g roup or bil in l[ually
eduealed g r ad e s i x s t u d e n t s .
P roble. !Jo l vi n g i n l a ng uage
Pr ohl e lll ~ o h i n lt is s i lllp l y defin e d IIl1 t1 cur init cu t wha t
10 ,10 " h en one d o c s no t lIl)r cady kn ow what to do . Th e p roc e s s
d emAnd s t h a t one think s a b o u t II plan o r e t t e e k to b ridge th e
K"P t rom th e f am il iar to t he un tallli ll a r . The i n v e sti g a t o r ' s
" I IHI u su a ll y c o ns is ts I n usi ng ce r tai n st r ateg ies t o r-ee ch
t hn t go ul .
I. i tcrat u r c o n J" nlr ua g e l ee r nt ne a bo unds wi th
l ('rrai no l o lti e s u sed by s c i e n c e e d uc a t o r s t o d e $cribe the
pr o c es s e s or p r nb l e .. - so l vi ng- i n s c i e n c e . Thl;! p s y c h o lingui s t s
r (' r e r to r e ad ing li S a pro b l e m-sa lvi n&" t a sk . (Cla rk, 1 917 ,
1 918; Ri ckheit a nd s t ec hne r , 194 5; Lak or t IIIllI Joh n s on , 1 980.
fo' ed crik s tm 1990 ) . The p ro b lelll-so! v i nr approach t o
und er s l'Uldi lll: se c o nd languAg e h a s d ev el o p ed si nce the u se o r
the communi c ati vc app r o a ch t o seco nd l an i ua lle t eac h i ng .
Probl cm- s o l v in g l e chn iq u e s t o l e ar n i n lt II s e c on d l an g u a \re a r e
us e d at t wo l e v els s (II) in d e t e r-mtn Lng- t h e me a ni n g o r an
u t t e ea n c e - II s c n t e nce j a n d ( h ) i n de termi ning ho w t hat
I IUIl( ll tl g e wo r k s .
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Re s ee r c he r-u co nce r ned w t th s econd languag e I e a r n Lug
d e s c r ib e the t a sk a s one ne c e s s I 11\1 in g th e lI ~t~ o f
co mmu n ic a t ion st r a teg ie s (F a ('r ch I\nn K n~p (' r. 1 9 R3 1l .
Ma rr ie and Ne tt e n , 19 91 , Ruhin , 1 97 5 • s t e r u , 197 5) .
Commu nica t i on s tra t eg ie s u s e d mo st l y in sp c llki u K. flll. l
s ome ti me s wr it ing are defined u sr " •• • pe t e ntLnl Ly rOllll (~i<l u~
pl a ns Co r solv i ng whal t o a n i nd i v i dua l p r ns on t s i1 St'lr
pr oblem i n r ea ching a p e r t i c ul a r co uunnn t c e t t v n g oaL "
{Pa e r ch a nd Kasp er , 19 83b) .
Stud e n t s d e signat ed liS e r f ec t I v e Inng na gc
learn e rs wou ld , a cco r d i ng to O' Ma l l e y a n d Ch llmn l ( t!!l IO), IIIW
l e arning a nd co mmun i ca tive s t r l\ t e ..-i c s mo n ' than s t mteuf s
c a t eg e r t ze d AS l e s a e r r o o tlv c l a n guag- e l e a e-ner s , O' M ", I I .~ .y
a nd C b amo t c lass i f y le arn ing s t rn l~~i c s f or ~ 1' e" , ..1 lIn d
for ei gn languag e int o thr ee ma j or t yp e s: ( 1 ) M.'1 IH:o g uili ve
s t r a teg i es ; s e lf - r e g u l a t ory s t r e t e gl es in whi ch II 'lI r o. -,"S
t hi n k ah cu t thei r o wn t h i nki ng , a n d p ili" , mon i lor , lind
e v a lua te their o wn l ea rn ing en d e avor s; ( 2 ) eu g-n i tl ve
s t r at eg ies ; task-appropri at e s t ra teg i es i ll wh i c h I I ~ a","! r !j
acti v e l y ma n i pu la te t h e t nr o r ere tt o n o r s k i ll s t o he I Cll r llt -!I j
a nd ( 3 ) s o ci a l ari d a tr e cti v e s t r a t eg i es; s t r a t eg i c s
i n vo l ving f n t e r e c t i on w I t h other s r or the p ur-po s e or
l earning , or c on t r o l o v er one 's ow n a f t e c t i ve !/ t ll. tl-
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(C h lHllol . 1 9 90 ) . O 'Mall e y a nd Ch ..lot ' s r ev i e w o r d es c r ip tiv e
!l l n d i e s i n !ll'cond l a nlt U8ltC a cqu is i tion l e d th elll t o be lieve
'hOlt s t ud e n ts us e l earning s t ra teg ics 'li t h all tou r lan l!"ua l' c
!lII i l ) s - l i slrni n c . s p e a k i n g . readine . a n d . r l li ng. Thei r
fi nd i ng'S f u r t her more SUltlt e s t that learning s t r a t e g i e s u s ed
in n s c ccn d I .n lru a !:"c a p pea r t o be t h e saine as tho s e i nv ol v ed
" tU!ll p er r oflll l.n il: eo ee un t c a t Iv e an d I e ar n i ni' t a sk s i n t h e
f l r-s I I llJl gU 8 1{... .
Gi v e n t haI t h e lI tr ll t c g-i e s ar c t h e s a llie i n ei t h e r
t i r s t or s eco nd ' nngu Rlt e learn ing , it wc u l d be r ea s ona b l e
t o e s k bow t he cogn i ti ve exper ience or s eco nd la ng uage
l e a rn i ng m i g ht enh an c e pfo b lelll- s o lvi nr ab ilities .
A p l au s i b l e a n sw e r ( 0 th i s que s ti on ca n b e e e r f ve d a l by
c XlllJlin ing th e c o g n i t i ve pr oc es s e s i nvo l v e d In l angu ag e
ac q uis itio n a n,] llp precial int:' th e in tensi t y o r th e
cog ll i t iv c d eeend i lllpo :l e d on t he ch i l d who is l ea rn i ng a
seeo nd la ug u8!:e I n Fre nc h i lllllle rs ion. CU_IIIII.S (198 3 )
co n t r i hu l cd llIaj or s t ud i e s on t h e ed uc a tio n a l devel op men t
o r c h i l d r e n in Immer sion . Ill' c l ai ms t ha t .. ' " b i li ng u al
c h i t d r c n h av e be CII e xpo s ed t o co nsi de r ab ly lIIor e " t rll i n inr"
i n a na lY7. i n g an et I n t e r p r e t i ng l ah t:'u8 g e th a n un i li ngua l
c h i Ld r e u" {p , 1 20) .
Anot he r imp o r hn l q ue s t i o n t h e t ne ed s to b e 1"'1i Je d is:
s Lnc e s ec o nd la hguare l e a r n i n g I s r a r tr orn b e ing a ne w
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di s ci pli n e lind it s pr o c e s s e s s eem a na l og t c a l 10 th e c u e
o f s o l v i ng pr oblems, why h a s th e c ommun i t y o f
sci e n t i fic e d uca t o rs n ot ca p it a lized all th i s p r a e t Lc e to
sup po r t t he i r errc r t a t t e a eh i n g- t he pro c e s s e s o f s olvt n e
pro b l e ms i n science? One p o s sib l e ans wo r t o Ih i s <JU {l ~1 1 i O Il
i s t ha t si nce t he p r-ob Lem-es ol v i n jr a pp roac h t o und('r s tn ll<l i n~
second l a nguag e lear n ing i s r el a t i v e l y n ew, t he p O:'lll i hi lit y
o f e xpl o ring t h e se t d e aa h a s d e v e l o ped s i nc e I t ne ut s t s
s t a rted t o r ecommend t h e u s e of c ommu ni c at i v e a p proll chc s , ..
second l a n g u a g e t e a ching . Th is p ed ag ogy can b e c t)mp fl l' I~,1 t o
t he " h a nd s -o n -app ro a c h " t o s cience t e e c bt ng , a r o t n t t voty
ne w pe r s pe ctiv e , whe r {' t he Le a r n e r-s e x per i ment wi l h Il l('
second l an g u a g e . Th i s ap pr oach h a s b e e n IIp p li e d 1'1I1'l i c ulll r l y
to t he Er e n e h immer sion c l a s s r o om, wh e re llll' "' rl' od, I nll lP Ill IP '
is l e ar n ed as a " by - p r oduct" , s o to ape ak , o f l e a r lli nK
ccn t e n t , The fo c u s i s mo r e on th e me s sag e , n nd Hoi so Mllll:h
o n l e arni ng a bo u t t h e g r amma r o f t h e I n ngu llj.tc . SC il! IH~I~
e d u ca t o r s we r e t he mse lv e s e x p Lo r Lng- wi t h the eOl l; ' I' (d of Ih l'
" h an ds on " ap p roac h i n t he i r di s cip l i n e whe n t h l' lill l{ lli s t ~
p ro mo t e d a n ex p er ienti a l t r oe t mc nt of sec o n d l IH'I{HlI J{ I '
l e a r n in g . Awa r e n e s s a nd d eba t e o v e r t h e t r a ns f c r abI I i t y .. f
p e d ag og i cs we re thu s no t l ik e ly tu s u rface hc Lu r e 1l, (H Oll leh
u nde rst and i ng of th e s e n e w p ed a g o g i c s in cac h d i s cipI l ne .
A crit ique of t h e v ie w t h a t c h i l d ren CIH' lise t hl~
problem-so l vi ng p r o c c s s to l e a r n a second 1 fl. lI g U II l( C i s
"p rese nt e d by Ol ey-V r oman ( 19 89) . He considers l anguage a s •
"eee p Lt e a t ed a bst ract t orma] s y s t em, [lor wh ic h ) y oung
c hi l d re n se em n o t 10 h a ve th e g e rre r a l co gn it ive ca pacity t o
d eal wi th it " (p. 53) . Bl ey - Vr oman t hus t end s towa r d the
P iaK eti an the or y whi ch SIiIYS t hat th e a bi l ity t o us e t or mll l
t h in king is r estr i ct e d to ch i ld r e n wh o ha v e a t l e a st r e a ch e d
th e pube rt y s tage ([nhel d e r a nd P iage t , 19 5 8 ) . Bley- Vroman
I s e c r e o r th e opi n i o n that that pre-pubert y chi Id r en
acq u i re .II. I Bn g u ag e fa t h e r than I earn it. He n ek e s a
df s t t n e t t o n betwe en acquiri ng and e n d l ea rn ing a langua ge ,
re lc ring to a cqui s it i on a s .. . . . th e uncon s c io u s
in te r na li z a t i o n o f knowledge " an d learning as
" • •• th e co ns cio us l e arnl ng of e x p l ici t r ul e s " (p . 43) .
Bl e y-V r omnn a lso propo s e s that the l earner s near ing
a d c l e s ee ne e wou ld te,~ 1 t o lo se t h e abi I i t y to a cqu i r e a
langu ag e a nd sta r t l e a r n in g i t v i a a prob lem-so l v i ng
a ppro ac h . Th is p osit i on wou ld t end t o s u ppo r t th e
appropriatene s s ot i n t e g r ating t he two s ubj ec ts ot seco n d
l anguag e l e arn ing and pr oblem-sol v ing in s c i en c e at the
ju ni o r h ilth l e v el t or th e purpo s e or enab li ng th e trans f e r
o f pro b lem-so l v i n g s k i l ls from on e s u b j ec t a rea t o an o th er .
Whether the pr oc e s s ot l earn i n g a s econ d lang ua g e at
en ear ly age i s c onscious o r un c on s ci ou s does not t a k e
away f rom t h e men tal a c ti v i ty that chi ldren must e xp er i ence
i n o r de r t o l earn o r a cquir e a language . The chi l dren a re
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laced wi th t h e f ormidable task or commun i ca ting by
d i s covering a language code and th en u s ing tha t c o de to
f o r mu l a t e me s s a g e s. The only p rob e ava ilable to th em Is
t h e ir knowledge " t the f i r ll t l a n gu a g e t h a t call b e u sed s o
to und e r-a t and t he t u n ctl o n n i ng ot the s e co n d (anlCuale .
Prob l e. so l vi.ng process es
Accord ing to Bruner ( 1960) p robl em-so lving s t r u t eg Le a
can be b rok en down inlo t wo b asic proces s e s: (1) h y pot h ll!':i s
generation and ( 2 ) hypoth esis testi ng . Wr it er s o r li t e rat u re
on rir l'lt l anguage l ea rn i n g an d seco n d l a ng u ag e I c a r n iu ll'
identify t h e s e two proce s s es a s be s t e t o the a cq ui s iti on o f
th e four l a n g u a g e s k i lls (r cading , li st e ning , s p e n ld og Dod
wr i ting). Wardhaugh (1914) and Sc b Lck eden s e t a l ; (1 983)
observed that c omp reh ens i on is an ac tive p eoeo s a , Und c r -
stand ing would cha llenge th e r e a d e r or th e I Ls t e n e r t o
co nstan tly generate h ypo theses abou t the i n com i n g m C S SIlKC S .
Th e recep tive lea rner a ttempts to ma t c h t h e s e hypotheses
with o t h e r li ngu i stic c u es th a t ar e availab l e . I t hy pothc !:le s
turn ou t to be i n a d e q ua t e t h e l e a r n er r eadily modit l es t h em .
Se cond l. !I.n g ua g e l e a r n i n g theo ri sts d escr ibe l ang u ag e
l ea r n i ng proces ses as hypothesis ro r mul ation and t e s t i nlit.
Re s earchers Faerch &. Kasp er (t 983) d e s c r i b e a a ed e I ot
second l a ng u a lfe (L2) learning as c og n i t i v e l y or ient ed.
Accord ing to this model t h e J e ar n er wou ld pa rti cipa te
"a c ti ve l y i n e o_ un l e . t he e ve n t a e st ab li s h in&, an d t d tl ntr
hypo th e s e s a bou t LZ. In t h e pr o c e s s o r l e a r n i llg a s econd
la nKo_ ge , t 'll'O typ e s o r hyp o th e s e s a r e I' e ne r a t fd : ( 1 ) a bo ut
t h e .ea n i n e- o r t h e _ e a s . c e f a nd ( 2) .l.out c er ta in asp ec t s o r
h ow L2 worka .
Co n clu llt!!B
The l i l erat u r e s e a rc h revea l ed t hat t he p r oe e a s es or
g e n erating h yp othe s e s a n d t e s tl n lt th e s e h y po t h e s e s s e ell
to be b asi c 10 l e ar n i n g 8, second l a n lru ag c and s o l v i n g
p eob l esas i n sci e n c e . Ther e a re i ndi ca llons t h a t y ou n g
p upi ls d o n ot und e r s ta nd t h e p r o c e s s tha t th e y &,0 thr ough
whe n lea r n i ng. s e co nd l a ni' u_, e . I t • • y b e that t he yOURI' L2
l ea r ne r i s un c o n c:i ou s l y a cq u i t ln &, t he l a ng u. l' e r a ther t han
Ull inI' th e .o re a d u l t prob l eM-!!ol v inlr a ppro ac h t o l e.ro inl"
Th e l e s s Frenc h l a n l'u a ~ e p r o f i c i e n t i_e r. l on s t ..d e nt e l a o
rh ks t r a i I i n g b e h i nd th e r egul ar s trea. s tude n t a s rar as
co n t e n t lea rn inlf i s c o n c e r n e d. Th e g oal ot th i s th e s is is
not t o I n iti at e a deba t e on wbe t her t h e l e arn i ng ot a
s e c o nd l angu ag e i s c on s ci o us o r n o t . or e v e n whe t h e r the
i mmers ion ch i Id wi II b e s u c c e s s f u l a t l e a r n i ng t h e s e co nd
hnguage . Th is s t udy is 1Il0 r e co nc e r n e d wHb th e cog n i liv e
ex e e c r s e th e c h i l d g o e s th r ou gh t o a cq u i r ll/l ea r n a secon d
la n g ualfe. It ailns a t 0) idenli f yinll" th e ch il d ' s ec p I ng
llIe ch an islll in a li ng u i s ti c maz e a nd (2) d raw lnll" o ut
sl . f lo.rI U e s betw e en t h e L2 l e a r n e r ' s c o.....um e e t t v e
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s t r a t eg i es a n d t h e p up Ll e a c t e n t i s t t s st r ate g ies whe n
s o l v i ng p rob lems. Th e p r e sent r e s ca r c her's po si ti on cnn he
s ummed up in t he f o l low i ng way; Th e mere attempt li t wOI' k i lll{
o ut t he r u l e s of l ang u a g e , t e st i n g o u l h y pot he s l' s ab out
l an gu ag e . r ej e c t ing e nd r e f o rmul a t i n g t h e s e hy p o t her.c a
ca n no t bu t be h e l pful in s ha r p e ni ng th e Y O " I1 ~ 1 11 1ll{11 1lR" f'
l e a rn e r ' s i n q u i ry s ki l ls.
Re v iew o f Lit er a tur e Part I I
COlllpa r i ng 5e i ('n e c a n d I nn g lla g c I I'll r n i nl! p r oC IHlliNI
" Pr o b l em- s o l v i ng h a s l on g be en i d on t I f i ed n s Ull l' or
t h e bas i c o b jec t iv es o f s ei e n ue t ns tr-u c tton; "
( Ma n d e l l ,1 9 8 0 ) . Th e Commissi on o n Sci e n c e Edue a ti on o f
t h e America n As soci a t ion f o r t he Al!v llnccrllc ll l fi r SC i l' lIl'"
ha s r e co gni z ed a nd ca t egorized 11 p r-o ee s s e s I)OIlS i ,l e r e ,1 n ~;
r e p r e se n t e t Lv e o f p r c b Lem- uc I v I n g ac t ivit y (G ll!: nb 1!l70) .
The s e p r o c es s e s a re br o k en dow n t n t o t wo g r ou ps : ( ll ) hn s i l:
pr o c e s se s i n c l ud Ing c b s e r v Ln g , mCllsll r i n«, ill f c r r i nK,
p r ed i ct in g , c lassi f ying , an d co l lec ti ng An d r e c o rrling
d at a ; a n d (b ) th e int e grated p ro c e ss e s i ncl ud i n g
i n t e r p r eti ng d a t a , c ont ro l l i ng va r i a h le s , d e f ini ng
o p e r at i o n a l ly , fo r mulating h ypu th e s e s , Hn tl (, Iil' IH~ r i lU l· Jl l i "lt.
Acc o r d i ng t o th e E l eme nt ar y Science Cu r ric u l um r, lJi ..le
( Go v e r nment o f Ne wfo un d l a nd an d La b r a d or , I!l S!) , s tu de n ts i ll
"th e pr ima r y l;"radcs a r e g-Lven the op p o r tun i t y to p ractice the
ha s Le proc esses i n sc i e n ce Bnd t he upper e lementary irradc
e t udcn t s ore i nitiated to t he I n t eg r a t ed p rocess e s . Since
s t ud e n ts i n the uppe r e l cmcnta ry g r a d e s wo u l d be e xp e e t e d t o
ha v e had amp le p r ac t i c e wi t h t he b a s i c p r ocesses i n t heir
pr imar y yea r s , i t is expected t hat there wou ld n o t b e a ny
d t r ro r e n ce b e t we en t he r eg u l a r- a nd Fr ench imme r s Lon g r ad e
six s tudents i n t he ir abi lities to u t t t t s.e these proc e s ses .
For th i s r e a s on it ...an be a rg ue d t ha t (O CllS on compar ing
studen t s ' ab Ll Lt Le s 10 utilize th e ba sic proce s ses is not
wa r r a n t e d . A d i s c u s s i on on t he s i mi la r i t i es between b a si c
science pr o c e s s e s a n d p s y ch ol ingul st i c process es wi ll
no ne thn l es s h e i n c lud e d t o p r c v t de a t h e or e t i c al f ramewo rk
for fut ure r e s e a r oh i n " he area o f sc ience a nd second
l nng uug e educa ti o n at t he p r im a r y l e v e l. A st ro nger emphasi s
wi l l b e p la ced on th e e s s e s s e e n t of s ucces s wi th th e
i n teg ra ted p ro ce s ses s i n c e t he la tter ar c in trod uced to
s t ud en t s a t th e e l emeu t a r y l e v e L, It i s ass umed t h a t t h e
s tuden t s wou ld no t, f o r t he mo s t par t, h a v e attai ned a hi gh
l e vel of pro f ic ie n cy a t u s ing t hese hi gh e r level p r o c e s s e s .
It appears t ha t aoee Integ rated pr o c e s s e s su c h 8S hypo the-
sizi ng e nd ex peri me n ti ng are u sed exte nsive ly whe n a
I l\n g u l\g c i s l e a rn ed expe rientia l t y such as in t he Fre nch
ireme es Lo n p rogram . Compa r iso n o f F I e Leeien t e r z s t u d e n t s'
s cores o n t h e lise of the i nteg rate d p rocesses to the sco res
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of the r egular s t r e eo el em en t e r s s t ude n ts s ho u ld thus r eveal
a n advan tag e for the F I s t ude n ts .
Th e f ollowing anal ysis will p resent ev i d e nce t he t
the basi c and t h e i n t eg ra t ed p r oces ses u s ed in s c i en nc ar e
very 91 11'.118r to e o e e ot the s t ra t e gies used by the I lln a-u lllfc
l earn e r . ScJ enttric d e rinitions of th e proces s e s u s ed in
s olving p robl em s wil l b e co mpare d t o en u nc i a ti ons troUl t he
f i eld at ling u i sti c s d e sc r i b i ng th e mc nh.l a e t s performed by
th e lanliruag e learner .
Use o t s pec i f ic problem- ao}vlng procc ssc fl
Obse rv i n g
Co o k e, Ha ye s , and Jan e s (1 979), autho r s o f "S ca r c hi nK
tor g t eu e t ue e? , a s e Len c e t ext bo ok to r th e Int ermedi a t e
g r a d es d efine th e pro c e s s or obse r v in g e s t "'fhe p e e eei v f ng
a t an obj e ct o r ev e n t u s ing any ot th e sena es " {p . 4 1.
Ob viou s ly th e s ec o nd languag e l e a r n e r ' s e ue c e s s e a at
d e c od i n g writt en o r s p o ke n mes s ag e s i s rauch depe nde nt
e t t ent t v enee s t o grap hi c ftn tl phonetic e llen . Ther e i s howev er
mor e to o bse rv ing t ha n ju st using senses to pe r ceive o bjects
or ev e nt s . Sc i e n ce e d u ca t o rs and langu age e xp e r ts cl a im I n
paral lel statement s that the pupi l-scicntist an ti the
language learner both en d ea vo r t o obs e r ve obj e c t s or e ve nt e
rrom a parti cular pe r specti ve . In vestigato r s ' a e e rch f or
c lues is gui d ed by limi tations iMp o s ed by t he i r h y p oth es is .
"The hy poth esi s i tse lr is l or . u lat e d t o s o l v e a s pe c i f i c
probl em. Good/lla n ( 19 6 7 ), p r e s e nt inl' • aodel o f r e ading .
d e s c r ibe s Ih l s a c t i v i ty a ll • p s y ch ol in r u Lt tio::: Ira _e. In t h e
f hi I'd p Olll u l a t e o r t h e e c d e L, Goo d• • n d e e e e t bea the re.d er ~
ob s er ve r:
No. b eg i n s th e s e l e c t i on pr o c e s s. He p i c ks
up g r a p hi c c u es , g ui ded by c ons t rai n ts s e t
up t hro ugh pr i or c ho ices , h Js l an g u a g e
/cno wl e d lre , h i s cOl' n i l i vt!' s ty l es a nd st r a t e g ie s
he h as l earne d . {p , US)
S i g i la r l y sc i ence ed u c a t o r Gri ffit h s (1 9 8 7) stat e s :
, • • u ltimate ly g o od o hse r vi n l' i s not .In dependen t
o f th e ory . Rather it d ep en d s up o n t he e x i s ten c e
o f an underl ying c o n c e p t u a l ba ;sc wh i c h c ue s th e
ob s e rv e r t o s e e wh a t o t h e r.l se .. l l' h l n ot b e seen .
( p . S)
Admi t t e d I,)'. s e co n d l a ngual(c 1ea r ne r lll ( L2) an d p up i 1-
s c i e n tis t. d o n o t s o l v e t he ss. e k i n d ot p r o bl em s . Th e y d o .
lIo",e ve r . U S I! t h e i r 8 e n s e s t o cb e e e e e e ve n ts o r o b Jec t 8 I n
t h e i r r e e pc c t Le e e n v l r on_ en l .
Me as u rin g or Quant i ty ing
Take n a t f ac e va lu e t h e d e f in it i on o f . ea stlr l n g o r
qu a nti t ying aee e p t ed b y sci e n ce e d uc a t o r s d esc ribe s
rema r k a b ly well a no t h e r ment al pr o c e s s e xper- Len c ed b y th e L2
l earner in a n a t temp t t o s o l v e co mmunic a ti ve pro b lems .
Coo k e e t a l (19 19) d e t in e quantltyt n l' as : " De s c r i b ( i n I' J e o r
co mp a r i n g obj e c t s o r e ve n t s a cc o r d i ng to a c o n v e n ti o n a l
s t a nd a r d " ( p .5) . To v e r i ty t he a ccu r a cy o t h is wr l t t en o r
"oral production, the L2 learne r nece s sarily r ef er s t o the
grammati cal cod e of t h e l an g uag e stud ied . Ru t-in (1915)
co ncur s : " Th e good language learner moni tors his own aud the
spe ec h or others. That is, h e i s c ons t a n tl y att ending In h ow
well hi s s p e ech is being r ec e i v ed and v h e t he r h i s
p erformance eee t s the s tan da rds h e ha s learned" ( p . 4 7 ) .
No t wi t hs t a nd i n g t h e difference i n the s t and as-ds use d i n
th e two d is ci p l i nes , it can r e a s o n a b l y be inferred th at th e
pupil - scientist and th e language l earn e r both usc s h d l ar
procedural knowledge when co mpa r i ng data again s t a k nown
s t an d a r d.
Interring
Th e literature en l ang uag e l e arning aboun ds with
references t o th e process or i nter r ing a s II. s t ra tcR'Y to
en h a nc e language s k i l ls. Sc h ic ke d an z e t 81 (19 83) ;
S t e r n (198 3) ; O'Malley a n d Charllot (1990); and Goo dlll8n (1961)
all agre e that languag e l e.ie ner s us c inrercnc ing 68 a
ti t r a teg y to under stand a t ext o r an i n- co mi n g me s sag e or to
co n struct grammati cal r u l e s ba sed on ob serv ed r ezu l e r Lt Le s ,
Carton (1 966) ha s c o n tr i b u te d a grcllt deal t o th e under -
standing or th e role or j nf e r enc i ng in langullg e Lc e r n l ng-, lie
observed : " l n d l vi d u a J learn e r s vary e c c c r d l ng- to th e ir
propensity or making inrerenees, toleran c e or r i sks anrl
ability to make val id , rationa l and r easo n e b Le t nr e r en ees"
30
( p. IS) . Ru bi n (1975 ), pa rap h r asi ng Mu elle r (1 971 ) , d e s c r ibe s
the IOcnhl a cti v it y o f t h e r e a d er o r th e l i st e n er :
Th e !ro od re ad er and th e good li st ener c an
under s tan d wh ile pa y i ng a tt ent i on t o 8
lIIiniIDulD of c ues . He c a ll o verl ook un kn o""
words , o r ca ll r c ad e ven though f o cu sing
o n con len l words. Such 8 p e r son g u c"SCl'i ,
o r maJ:es inferen c es about . t he mean i ng at
words or sen te nc e s t r uctu r e . A. wrong g uess
d oe s not d i sturb h im , bu t is q u ick l y c o rrec t e d
from s ubseq uen t con t e x t . ( p .IS )
The e s s en ti a I o f sc ien c e e duc a t o r s ' u nders ta ndi ng o f
in fe rence c a n no t b e mo r e c los el y r e l at ed t o "hal ha s j ust
be en q uot ed tr om t he lang-Illg e l e ar ni ng LLt e r a t u r-e , Th ey
d e f in e i n fe r r i ng a s :
Dralf ln g co nc lusions ba s ed o n evi denc e that
ma y nol be directl y ob s ervabl e . In f e r en ce
goes bey on d obs er vation ; i t o tt e n invol v es
11 j ud g ement tha t c a n b e t e st ed thr ou gh f urth er
observa tions . ( EJ ement a r y Scien c e Cu r ricu lum
Gu i de , NCIJto l.ln d Ja n d and Labr ador , 1 989 , p .l9)
Co n temporar y l l ng-u s s t s a g r e e on th e l ingu i st i c
comp o n en t s that compose a l a ngu ag e , They i den ti fied s i x
bn a t c ce t eg c r f e s r Ph on eti c s /ph on ology , morphol o g y , syn t ax ,
l cx t c ol cev , semantics , a nd d f s co u r-a e Rna l y s i ~.
(C hastaln . 19 76 ). Th e langua g e l earn er i n a communica tive
env iro nmen t mu s t so lve p rob lems that ar e r elated to a l l
these componen ts . Goodman (19 6 7 ) s ug g es ts that th e r e a de r
pr oc esses thr ee k ind s of Informat i on si mu lt a n eo us l y, nam el y
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g r a phi c ( l e t te r sy mbols) , s y n t ac t ic {e cnt encc s t r uc t u re ) a .'1d
seman t ic in fo r ma ti on. Go od ma n o bser ves a bo u t t h e r cnd e e r
li e p r e di c ts and an tic ipa fes o n th e b a si s o f
t h is i nfo r mation, samp li nlr f ro m th e pr i n t j us t
eno ug h t o c o n fi r m h i s gu e s s or wh a t ' s cO D',;ng-,
to c u e mor e sema n t ic a n d s y nt ac tic i n fr. ..mllt ion .
( p.IJI)
Co mpa ri n jf t h e me nt a l p roce s s e n un cia t e d a bo ve 10 th e
p r o c e s s of pred i cting as d e fined by t he s c i en ce e duc a t o r :
" Fo r ecas t i n g f u tu r e ev e nt s on t h e bas i s ot o bs c rv ....d
reg u lar iti e s in p a s t e ve nt s" (Co o ke e t ai , 1979 ) , i t c n n
r easonab l y be a s s ume d that th e t wo p r o e e s s e s lire in e a s n ne e
th e e e me ,
Cl as s i fy i ng
C l ass i fy i n g i s d ef ine d a s: "Gr o up i ng o b j e c ts Ktlc nr d ill g
t o di rec t l y ob se rva b l e p r op e rt i e s . " Coo ke e t . 1 (1919) .
Pu pi l -scien t i s t s a s we l l a s l a n gu ag e l ea rner s c a t cg-o r Lz e ro r
a p ar ti cular pur po s e - that o f s o l v i n g pr o bl ems . Lon g uRKl l
e duc a t o rs' s tat ement s c l e a r ly i d en t i r y t h e u s c o r thi n
p roccs s and i t s pu r pos e . Sc hi keda nz, Yor k, S t ua rt , end
Wh it e (1 983 ) ' s r e v i e w o f l itera t ur e l e d to t h e o bs e rv at i on
that lIlany pr e s ch ool and e ve n p r illla ry s tud e n t s cannot seg rne n t
r eal l a n gu a g e i n t o u n it s s ma l l e r th an t h e s y l la b l e. It
f ol l o ws tha t " [ i lt the y c a nn o t do th is , they c a n n o t so l ve
t h e p robl em o f d e t e r min ing whic h of sev e r al word s a t a r t wi th
the same o r with di f f erent s oun d s " (p . 181 -88). F ur t h er mo re
Sc h i c keda n z e t a l r e fe r t o a cat ego rizat i o n dif f i cult y when
tr y imC t o e x p lai n why yo ung s tude n ts hav e a p e cb Leu with
s pell ing . They s t ate :
Thu s , e ve n though young chi ld ren r ea l t ae
that s pe ll inA'" is r el at ed to ho w alfo rd
s o u n ds, th eir s p e lli ng con ta i n s errors
b e c au se th ey c a t e g o r ise so un ds dif f er entJ y .
( p .196)
Th e p r c c eus of class iryi nlt i s e l ac wid el y u s e d by th e
seco nd l a ng u a g e l e arne r s . Ru b i n ( 19 75 ), referri ng t o th e
f ore i gn I e ng u ag-e I ea r ne r , concu rs :
fie a t tends t o th e f or. i n a pa rti cul a r way,
co ns t a n tly an alyzing, ca tegori sinlf ,
s yn l hesi:d ng . He i s c o ns la n ll ,y t r ying t o find
s c hemes f o r cl ass ify i ng info rmat ion . (p .47)
Th e pro cedura l knowledg e o f c l as si fy i ng is thu s a
men ta l p r ocess t ha t ill; e xe rc ised i n mo r e th an on e
di s c ip l i n e .
Col lect ing and Re cord ing Da ta
Th e c o ll ec t i o n o f d ata is ce r tai n l y a n u: ti v U y that is
fam il iar to the f or eign langu ag e l ea rn e r . 't he L2 learn er c an
e as i ly b e co nce i ve d as o n e who c o l lec ts l ingu ist i c da t a
ema n a ti ng fr om th e e nvi ron ment f or the pu rpo s e of a naly s i s ,
s yn t hesis and s u bseq ue n t e c e e un f c e t t e n •
Re cord ing scien ti fic data, whi ch co nsis ts o f or ga n iz ing
In f o rm at io n co llec ted i n s uc h a way a s to faci Ii tat e it s
int er p r eta tio n by othe r s , is eq u iva l e nt th e proces s o f
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e e eeeu nt ee t t en , Lanltu llge s pe c La l Ls t s Se h i e ke d flll 7. e t II I (1983)
de scr ibe t h e eo ....un t ee t t en s ll i l l li S:
• • • ! h e abili ty fa selec t a nd o r gll Jlil .. " lf~
i n f orlllllli io n that i s n ece s sa ry 10 con v .. y :on
that o t he r peop le kn ow "ha' i t i s we Arc
try i n g 10 le l l 'hem. (p. J8D)
Th e scientific commun i t ,)' u se s diff erent wo r d s t o d e Li n r- th e-
c ommun i c a t i ng pr o c e s s b ut t h e mClln i n g l a 11I1lIi e "l l y th r :-:nm.':
"desc r i bi ng e b j e e t s e v e n t s o r fln d lll l{ll (dll. lJl. ) 110 !llld
other s ca n kno .... th e r-e s u l t o f o b.sc r vll l ll>J1."
( Cooke e t a l , 197 9 , p.5).
Admit ted ly t he r e I s II d ifr rl' Cu c " hl~I'"'I~ 1I t Irc elr, si e a l
p resenta tion tO f llla t s o r sc i e n ti f ic d a t" a nd tI " ... " r J 111-
cu is t i c da t a , Sc i e n t i f ic dat a a r e '" . u ,dl y p" f's el'tt' d iI. I h .,
t orlll o r t a b l e s , c h a r t s , f igures, gr llph i c l , 1 )',. h QI II , ...... , s .. ..
• a t h e llla ti e a l eque t t en s • L inl:ui sl i c d ata , Oil l h l' o l h e r h an,I,
are u sual l y expr e s s ed vi . a n o r a l 0 .. wr ttt e u r o r M. $c ie llC:r.
edu ca to r s do In c lud e t h e o .. a l and P"o ~ c tor M p rese nt lit i nll r. N
a ve t t d a nd f ..eq ue n tl y u sed mod e o r da t " C: Omllllu i c a \i u ll . Th r.
s c i e n t i s t ' s m01l1 fr eque n t mod e s o r d a ta ..e cordi nl:". 11f)...ev or ,
a rc e od e s that a ..e r el a tive ly t orc i.: n t o c h i l d re n o llot I'o r
whi ch they n e e d muc h instructi o n . II d emand !': t hu I I h l~Y I ,~ '
(1"0 o f their USUa l mod e or c cmmu n Le s t t o n Il!':ing o r a I 0 '- r' I · l lI'lI ~
r o r m a nd u s e a t ernative W8)'S. S<'corul 1 8 11 g UIII(<' l e ll "" t~ r- l'I
u s ed t o tak i n g alte r native ..ou t e s i n p r e s ent in g yr. rI ... 1
ex pos i t i c na , Th e chi I d . Jear n i ng a s e c o nd I a niualle , o f t e n
dcopr i \led o r the ne c e s s ary io reig n la n.: uare \lo c ablilar y , " i l l
e e s e.r t t o e ee e t t ve lIIean s o r COIllNu nica tion . Second l anc u a v e
I Cllrning e e s e e e ehe r s h i ve i dt"nl i r i ~d u p to ten d iffe r ent
c OIn_unle a lion stratc l" l e s u s ed by t he L2 l ea rn er . Marrie and
Ne t t en ( 1 991) s t ud ied yo un g Fl s t uden ts ' s p e e c h s a mp l es to
.l tl l ermi ne t he i r- use o r t hese s t r A teg i es. They have ob serv ed
t lln l S ODIC st e a t eg l e s arc u s e d mo re e r t en than o the r s . Th e
c ommun i c a t i on s t ra t e g i es u s ed i nc lude d : a pp r o x ima t i on , wo r d
cctnaae , c i r c uml oc u ti o n , l i t e ra l t r an s La t l on , 18ngu8g e m t x ,
f o r ci gni 1. i ng , r etri ev al , me s s ag e adjus t ment , t opic
a voldan e e , and mcs s llg c aband onme nt. ( Mllrr ie a nd Ne t t cn ,
p . 5 40 ) . Othr r t r ..qu en tly u sed no n ve r be l eo_ u nlea t l on
rl e v ee e s Lnc Lu d e dra"l nr. g e st ur in&: I n d lIli_i nlt"_ Ev idently
th e :. e method s are t e r fr om being sl. I Ia r to u si ng t ab l es.
c he e t s , a nd gr llph ll. Th e i nf eren c e fo r th eo.ing , hcw ev e r , i s
Ih ll t Lbe et r c r t I he L2 l e a r n e r pu t s i nto conv ey ing a .essale
u s in g c e ee t i v e IIJle r nDle ", ("t hod s mic h t l e lld 10 a n cp en e s s
t o wa r d th e pr e s ,, ~tal io n or inf o r llla ti on us ine non - s t and ar d
dev t c c s s ue f a s t he c ues exp Jo i ted in s ef en e e •
A d isc us s i on o n phone t ics I p hono Ioll"Y wlll prov ide
g ro unda f o r a ll Ilr cu menl c la i mi ng th at a l an g u age l e srner ' lJ
e xpe et e n c e o r phen e t i c s bea rs e t o s e r e ee e bl e n e e to t he
p ece e s s o f " i n ler p rl" t1nl' d a ta " . Phonol oc y I s th e study of
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s pe e c h so u nd . The I e ar ne r or III s e c o n d l a n ll:u a r e i . ehal t e" ire d
with. t a sk ot d is criminatIng I lIIo ng Bounds . Ch as hl n ( 191 6 ) .
r eterr in&, to LZ l e e ene e s , s t ateS:
Wh e n pr e s ent ed s oun d s un J i k e t hose or the l r
o .. n ' a ngus,.e , s pea k e r s ten d '0 g t " II! t h Os e
sound s f fr . t - Ianguage interpret at i on s • • • They
t r an s lat e th e untalllil iar sounds In (o r • • iliar
one s i n o rde r to be a b le t o pro c e s s wh a l they
ha ve heard. " (p .Z87)
The languag e l e ar n e r mus l al so ana ly le an ln e omillll: mCS!llllt c
to undae a t and I t . Rub in (1919) eene u ee r
T he gooad language ' ea rn er IllIlY t ry 10 r s e t e t e
these t ell l u r e s wh ich gi v e h i la ma ll i mum
inte lligibi lity. He lillY d e velop II fe e l i ng
t or th o s e p h o no Jof. ; ca l CUe S wh i ch be s t enb a n e e
in l e l J ilf l b i J i (y . (p .2 .. )
F r om th e quo ta tions pr esent ed a bov e. it c lIn re a:t o n llh l y
be inf err ed th at t he l.niU alt e lea r ner co ll ec ts l i n r;u l:t ti r.
s o l v e COllUflunlca tl"e probl em s . The si . i l a ri ty o f thi s .. .. n t. 1
pr oce s s to th e act h lty o f "i nte r p re li ng d .lII " hi evi d ent
wh e n co ns i d e r i n g scienc e ed uc a to r s ' de fin i t i on :
l n l e rpr elinlr d al a i s d ef i n e d li S us inll'
t h e co l lec ted r esults t o p ose p o s s i b le . ns wt!rs
to. proble.. . A c r . ti ca l an a l y si s o r t h e d ale
s h ou l d a cc olllp.ny t h i s , b e f o r e ha sly c Oflc l u s io li S
ar e drawn . (Co olce et a l , 1 91 9 p . 6)
When s c i e n c e ed uc ato r s d e fin e I n t e r pr e t l n lt da t a ,
howev e r , th ey do not li .. l t th e me a n i nll' o t th i s proces s
t h e analysi s ot on e ' s producti on 01 infor ...e t t en , They e Ls o
s t r e s s t he impo r tance o f b e i Di a b le t o i n te r p r e t the da t a
3.
e ceee u n l e e t e d by o t he r r e s e ar cher s . Gri rU l hs (1 9 81) .
r et l e ct i n i' on th e " . o r e" scien tif i c lIean ing o f the proc e s s
I n .. sens e , i n t e r p r e ti n g' da t a is t he tJ ip
s i d e o r co _ unic. ti ng . Pe opl e us e t abl e s .
g r a p h s , d r • • lol' s , photoll' raphs, e tc . 8 S .. IIQ c an s
0 1 e xh iblt; n.. ri ndings a. cl e arl )' as p o s s ib le.
FrOIi t h e s e I tells th ey ext ract r el .. t i on ships,
o r .ake J I p os si ble t or o l hers 10 do s o .
When Ihi s Is don e . th e d a t a .re be ing
in t e r pret e d . ( p.Z9 )
Read ing s p ec ia l ist s claim t hat an i ndiv idu a l goe s t h r oug h II.
IIl mi lar proc e s s whe n r eadi ng . Pear so n a nd J ohnson (1912).
ex p r e s a f n g th ei r Jn s tent s ab out th e r e a ding- p r o c e ss , rot ate:
• • • we be li e ve that .. r ead e r und erst and s
.. It raph , .. c n. r l , /I tabl e o r .. . a p i n th e
s a .e If _ ,)' h e o r s he under s tands .. passage.
Th e un d erl y i ng ee n t ene - th e ba sic co nc e p ts
and p ro po si tions - is i denUca l . (p . 22 9 )
Con tro lli ng va riables
d l s c r l . lna tl nlr a.on g fa ct or s th . t wi li
o r "i J I n ol a r lec t th e O u t COIIU~ o r a n ex pe r i.ent ,
and ho l d i ng a U s uc h r ae tor s c onst a nt e xc e p t
th e o ne 10 b e t e sl ed o r . a n i p u la .ed .
( Co o ke e t al.t91 9, p . 6)
Th i s pr oces s is pe rceive d by s c i ene e e d u e e t o e e a s t h e 1I'I0 si
dUr i cult coltn it lve p r o o e s s to a ctivate i n pup t Ls , It is a
co mp l e x p r eee a e that is c l a i med t o b e lonl' t o the c a t eg o r y ot
t orma l r ea s on ing a b i 1i ties ( Yea ny , Yap , an d PadU la, 1986 ) .
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Th ere a re doub ts as to the !luilll h i lit y (I f th is i n !l' l: r " t <" l
p roc ess s k i lis f or s tu d e n ts in g r n <1cs 5 u r- Ii . ( GUntl, 1( 11)
Two c o n di tions nee d be me t f o r t he full ac t Iva t tou o f
th i s p ro cess . Th e f i r st d cmll Olb tha t yOll i d en t i f y n i l u f t h e
va rai b lcs t h a i yo u wi s h t o e i th c r ma nI pu l a t e n t- /lS S I'S:> i n
ex pe e I men t , The s eco nd r oqu i r e s t h at YOII lvo l d s t en-tv , li t'
co n t ro l t ho se t hi ngs wh ic h nrc ne i t h oe ma n i puln t ed II nr
a s s e s s e d , b ut wh ic h mi g h t va r y lind I h e r hy hn ve 1111 l~r fl' I ~1
e xpe ri me n t .
Thi s a c t i v i t y i s o f te n pr nc t i ood h y ( 1 r s t or !l ('""",1
l a ng uage langu a g e l e a r n e r s , La nlt u a g e ex \lt ' I' ls s Uf.f!tI·.'d s th u t
t he l angu a g e l e e r ner , wh en l i s t e n i n g or r n n rliurr , u<lo p ls
p r oc e s s i ng s t r at e gi es a i med il l s c Lo e t Iun li nd l · t ~ l ll i ll i ll ll.
ce r t ain e s p c c t s o f la llI!:IHIl{C n ut pu I wh ic h ' ~Illl h le l> h i lll/ h l ~r
co mprehe nd a me s sag e o r a p a s s aa e ( Muc l lCI' , 1 ~ 1 74 ;
Ward ha ugh, 1 974 ; lind Rubi n , 1915 ) . I I thus S\' t' IIIS the t
ce rt a i n as pe cts of la ng uage a r e ne e-c o Iv ud hy I h e 1' '' ' l-\"l''' IP ~
li st e n e r o r r eader all mo r e re l ev a n t 1111111 o t hera ril l' I h ,~
purpo se o f compr ehendin g 8 me s s ag e . Res e e r-chers hllv ,'
i d ent i f i e d t he se r ac t o r-s . Th e y i nc l u rle~r a tlllll llt it~1l 1 liS l\'{" 1 1
as s oc ia l f e at ur e s o f l a ng ua g e, Gr a lOlOlitic a l ':O tll l"""~ 11 1 s Ih llt
f a c ilit at e th e u n ders ta n d i ng of '" )a rll~Ufllt"l ~ l, r 'Hlll t:! i rll: l lld ..
s ub jec t , v e rb I 'Ver b t e nse , a nd o b ject. An 1I "f1r1~n t~ ,~ :J o f
soc i a l dime n s io n s suc h a s t he c un te x t II f t111~ s r"~t' f: h 111: 1, I h e
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r el a tiun shj p o f t he pa rtici pa n ts, th e r u les of speaking an d
t h e IQuod o f th e s pe e c h ac t co ntribu te considerably t o t he
li st en e r ' s Int el l i g ent interpretation of a me s s a g e .
(R u hin 1 9 7 5 ) .
To d raw /I p a r all e l be t we en th e second pa rt o f t his
t ; e . " . . • ho lding a l l s uc h ractors co ns t an t e x c ept
th e one t o be tes ted or ma nipu lated" and a li n g ui sti c
IRcnt ,ll pro c es s i s not so i mmediate l y don e . The " Li ng u t s t i c
do t eot l v o" ( La mbe r t a n d Tuc ke r , 1 97 2, 1' . 2 08) , b o und by
cer t a In socia l r u l e s o f conv e rsatio n , can no t exac t l y
"mn nlpul a t e It variab l e", wh i l e k e e p in g a l l ot h e rs co ns to nt
.!ill as t o a s se s s th e im p a ct o f the ma n i p ul a ti on o n a
" re s pencli ng var iab le" , Pr i ma r y F I stude n ts, how e v e r , do
hol d s ome va ria b le s constant. Noona n (199 0 ), ex amini ng t he
Hl)(>(!ch p e o f i Le of pri ma ry f 'l stude nts , d i s c o ver e d s ome
in t ere s t i ng p a t terns . For e x emp l e , t he g r ad e 1 and g rade 2
lll'illlu r y s t uden t s , no t b e in g ab le 10 fo c u s on a l l l an g u a ge
ve e iahle s n I o nce, t end to :
( I) usc the infiniti v e for m of t h e ver b f or a l l
t en ses e .g . , " t u me t t r e " ,
(Z) th c p r o s eu t tense mo r e t ha n a ny ot her t e ns e s .
(3) ~~(' th~ '! I ' f o r m ?f t he ver b f o r a l l s ub jects , e.g. ,
JC VA, n ou s v a • •
(4) s i mp l lt ,)' th e ir verb sys tem s o tha t mo st verbs arc
mnd (' t o f it th e "e r " pattern or e i =::, Ji f y i t in so me
o l he r way .
(5) us o "avo l e ' li S a l most II universa l aux iliary.
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(6 ) us e " l e ' a n d "u n ' as u n ive r s a l a r t t e t e s ,
" un e ne s e ' and " t e l:Iai s on' ,
Noon a n no t e d a lso t ha t t he r e i s .. c rowlnl; a . _ r-en e s s
as s tude n t s ee v e t r oll g rad e 1 to !t ra de 3 o f how 10 us r- I h ..
a ls o kn own t o e n g a!: " i n .. c a us e a nd c r re c t I[lI ln e , t il l'
i ns tance i t II w·...r d / ve r b (o rlrl , e tc . d oes n o t ha v e l he cU r rl
d e s i re d , t h e s t u d en t will c h a ne e th e "v .d u ,,~ (t' , It .. II t ' W
ve r b t en s e) or that \/e. r i flb le i n hi s ull l ' r flll Cf' a n d e v al un t r-
th e e rr ec t agai rr ,
On e c a n nu t c l . 11P thai c h ilol r c lI e o n .!l'cd o ll:d y ~ " ('P
cer t ai n va r aa b Le s een s t a n t a nd muulp uj ut o n t h c e s to
f a c i l i t a te t be i r ex p e r i.en t ei t h l anl: lIRit c . II wOllld h t·
ee e e r e as o na b l e t o .ssullle th a t i n th e i r t e nd e n c y t o
s l mp ll t y a co.p l cx s ys tt'1:I t h (')' r c s oe t t o !loa l" ~;lr nll'KY
t ha t wo u l d s ee k 10 li mi t t h e va ri Ab il it y o f c e r t a f n
co mp one n ts o f I snguAKe. I t i s th en t he r ol e o r t he l l-· " c1... r
to h e lp t h e l e arne r t o p rollrre s ll i ve l y s t e o t eh t ho !!'!! l i . i l.'1
10 e na b l e t he l e a r ner t o e s st e t t e t e IM rr. o r ti ll.· seco n,1
l angu age.
In s umllla r y ,i l c an be e s sume d l h>ll l eHr " ill!t H !i l!l~ n llli
l an guag e rna ,)' e n h ance th e l earne r' s abi lity t o t sol u te
fa ct o r s t ha t hel p t o so l ve JI p r-nbl em, Thl~ 1.2 Ic nrJll~r ' s 1,,1i.11
o f rnin i mi z ln r c:h a nl{c s i n g r a lllfll a t ic::a l v e e i a b l e s has f1 1 ~o
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d nvcl opmc n t a I po ten ti a l l or th e s ki ll o f " co n t ro ll i n g "
d nl Lber a Lc I y whi c h in sc i ence mean s "t o hold co ns ta nt " .
Defining o pe r a t i o na l ly
.l aco b s I n " A Repo r t of th e 19 90 El eme n ta r y
s c l e n co As sessme n t, 19 90 " mandated by the Gove rnm en t of
Newf ou nd l an d and Labr ador . p r e s en t s an i t e m an a lys is of a
cri t er i on-refere nc ed le st th at wa s adr llini stercd to a l l th e
l:"r ade 6 s t u d en t s o f th at pr ovince . Th e report r ev ea ls tha t
t he i f ems on th e pro ce s s or " d e fi n i ng op erati onall y " were
p e r c ei ved hy tea che r s t o be th e most diffi c ult items o n
t he i l' s t . Thi ~ proc es s i s ind e ed an int e g rat ed p eebl em-
se l v lng pr o c es s tha i i s t he l e a st un d erst ood by s en io r
s Lud e n t s l et a lone upper e lemen ta r y s tu den ts . Th e lengh t y
c omp a r a ti v e a ne l y s i s t h a t f o ll ows s ho u l d r ef l ec t t he
complex i ty of t h a t proces s . Defin ing ope ra t ion a l ly is
d c Li n ed a s
.. . . . provjdllng] e B. preci s e , s ome times
qu an t ita t i ve , s ta t eme n t of t he cond itions
neceSSAry 10 idcnlify a n object o r e ve nt,"
(Co o kr. et .",1. 1 919 , 1' . 6) .
Gr iff i t hs ( 198 7 ) d Lsc u e s e s th i s p rocess i n so me d eta i l. He
stresses th e point tha t : "d ef i ni tions a re invent ed as II;
ml!lln S of fa cilitat i ng c o mmun icati o n" (p .Z4) . He h ig-blight s
th e d iff e r en c e bet ween conc ep t u a l defi nit ions and
opo r e t t on u I d efi n i tion s . The f o rme r refe r s to a t he ore tica l
co ns t r uct wh i ch do e s not r c adi l y l ead t o th e id ent i f i cation
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o r an o bjec t o r ev e n t. An a to m, r or Ln s t e nc c , is tl e uue e p t
i n ven t e d t o a ccoun t t or and p r e d ic t th e che m i c e l p r oll!'r ' i t' ll
o r •• t t e l' . An e t e .. h a s n e v er be en eb s e eve d s o ca n n a I he
r e ad il y id e ntifi ed . An o pe ra t ional dl~ rinil Lc n i s It I :HI Il1I
i nv en tion b u t In a d d itio n it rll c il it" t c 5 t h e ee u d u ct Ie u o f
o n cll:p e r i mc nt by p r o v i d in!: co nc rete o c nd it t o n s t or I h r
i d en t i t c llt i on o f o bject s o r e ve n t s , For cx a mp l e , i t on e
wan t ed t o s or t ou t so il s a mpl os ac c o r dIng t o ~ om('
pa r t icul ar n o ti on o r po ro s i ty th en t h i e no l I on would h l' a l
th e core or th e dc r I nt t t o u , For ln a t n nee It P (H Ulll> s ui l
c ou l d b e ar bitr ar i I y de f i ne d a s II. Moi l t he t r e t a I us I " S N
than 2 5% o r i ts 0"" " vol urne in wn r e r , Soc h n 1I1't i n i l i oll
wou l d e nabl e t he id e n ti fi c ati on o r p o r ous Bu d no rr-j.oeous
5 01 1 s a apl e s , It th e s a mp h r('t a i lle d 35% u f it !'! o wn vll l ullW
in .a t e r t h e n i t wou lri b e ca t(' go rlsed a s " 1I01l- p o r o u~ o r
se.i -porou s s oi I .
Th ~ p r oces s o r ass i g ni nll: a va l u r. o r > 8 to th e I' ll
va e t e b t e f o r t he p urpo s e o r c:a te(o ri z i nl{ /I snb s Le ne c li N
b a s i c: wou l d b e a n o t he r g o od e xa.p le o r " lul l i s mr an t h y
d eri n in( op e r ati o n a ll y . T he us c r ut n e s s o r t his d e r i n il i on
ill ns s es s e d by r e r erlng t o t h e pur p c s e u r Ih ,~
i nves tigat o r . I I m a y be e enai d e r ed t he t nn y s ubs t enee wi l h
pH bel ow 8 i s not " bas ic eno ug h " f or thi s Qr l h a t PlIJ'I i w
c ular che mica l r e a c t i on to occ u r "lid t hc rl! r ore wo u l d n o t
b e i n c l ud e d I n th e che m i ca ls c ons Ld e r ud " h a s il : " . Tlw sf~ I '~ IH: f!
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e d uc a t o r- wonl d r e ed I 1y qu e stion thi s c La a s t j c a t Lcn s ch eme
b y s t r ess i ng t h o t th e acce p ted crit eria f o r a s ub s t a nce t o
h i! c lIlcJ;"ori zcd as II. ha se i s t h a t it s pH rnus t b e a b o ve 7.
NOlh withslantl ing t he u s efulne s s of th e def initi on , i t can be
argued lh at 10 pr oduce this derinition t be proce ss o f
dc fi lling c p e r e -et sc n e Ll y had to be ac t i va ted: B pr ec ise
s t a t eme n t of th e c o n d i t i o ns for ba si city nece s sar y t o
identi f y ba s Lo s ubs t a nces was gi ven .
Th i s cogniti v e acti vit y o f a r bi t r a r i ly assign i ng a
" v a l ue " {qu a Li Lnti v e o r q u a n t Lt n t Iv e ) to a variab le to
fncililat c exp erimentati on i s analogou s to s o me s t r a te gi es
th e 1.2 l cnr n e r s use . The 1,2 learners seem 10 b e cogni zan t
o f the h ct t hat wo r d s ymb o ls and g ra mmat ic a l r ul e s are
purel y u rb i t r n r y inv e ntio n s to faci litate eommu n t e a t Icn ,
n e n- z oov ( 1 9 7 7 ) h a s hypothesized : "Ha v i ng t wo refe rent
sy ..bols f or mo st r e fer ent s, th e b il i ng ua l c hi l d l e a r-ns
e n r Ly t h at words arc no t intrinsi c but arb itr a ry ." (p .l009).
lI c r i nterpre t a tion of the result s o btai ned by se ve n y ea r old
c h i l d r e n 011 a Symbo l S u bs t i t u t i on Te st indi c ated: .. .. . an
u nd e r s tand i n g of th e arbitrariness of syn tac t ic s t r uc t u re on
t h e pa et of t h e bi ! ingua l s " (p. l016) . S h e f ound that : " Th ey
Lbll l n g u a l s ] were be tter a b l o t o treat words as desemnn -
t Lcle ed unit s wi t h i n a larger sy n t ac tic co d e s y stem and to
ehn ng e the ril les of t h e s ys tem a s t he test re q u i r e d"
(p .I016) •
In an y la ng uage, r u l e s arc Loll owed to fa c i l i t a t e
c ommun ica t io n. Gra llllllll.t iea l r u l e s WC I'C tn ven I e d t o ,' lI lIh l l'
p e opl e o f t h e sallie l an gu ag e to c c mmu n Lca t c c r r o c ti v c t s .
S t ud en ts o f a secon d l an gu a g e mu st d i s co ve r th e s e I' 1I 1 1' S .
Th e FI st ude n ts are we ll kno wn fo r Ln vent i ug r ill e s 10
sa t is f y t he ir cc ree un t e e t l on necd s , 1 1I ler l ll n~ lIn g r S ) ' s t!' nl>l
i n v ent ed by t h e r l s t u d en t s lir e 1'11' 1 1 kn o wn h ;y I " ' ~ \ 1 ~ 1I1' C: h l' I ' >l
who an el ye c s t u de n ts s p e e c h pat t e r ns . Th is s ya t em is II
t ransi tory ec nueun t c e t t o u dev i c e t hll t i n i tnl ly s e t t s r Les
the L2 l e ar ne r . Young 1.2 l e n r-nc r s I l'mpo l'll r i l y n s s t gn
val ues to g r arnma t i e a l var t ab l cs f o r t he 1' 1I1'po se of f il liu lt'
vo i d s i n t hci r c ommu n i c a t i o n p n t t ern s , Nnou a n (19 \10 ) ,
a n a lyzi ng s peec h s amp l e s o f p r i lnlll'y nt udc nts , f" lIl1,I , ril l-
In st an c e , th nt t he y \l S I' " avot e" a s II u n l versn I 1lllICili llr y
(j ' ,1i f a t igue inst e a d of j e su t s f ll l i g u c; ) li nd th l'y u sr- till'
"j l" f orm of t h e ve r b f or a l l s ub j o c t s . Sc hmi d t ( 1& 9 0) ,
r evi ewi n g l ite ra t u re o n i mp li cit l c a r-niug vs . )rn r ll i lll{
b a s ed on unde rs ta ndi ng , n o t Lc e s
La ng-ua g-e learn er s ar-c o f lc n ,'lni d I n 1J('
engag e d I n the s c p hi s t Lna t erf f'n l rr pr i s /'
o t c o n s t r uc t i ng 8. t heory Qf th e I lln ",lI a~e
t h C! y a r e l e Arnin g , s l Hr t i ng wi lt l cee t e r n
i n nate ns s ump t Jc n s abo u t the: n IJ.'ll rll ct
repr e sen t at i o n o f JII 'I ~lJag c. loolc i rJ({ f o r
cert a i n c r uc i a l da h, lin d llrid in g , tJe lc t i llJr
a n d reo r g-IInj z in g r ul e s a lso r rqlli r i ll~
ref e r en c e to ahs t rne l s t r uc t u r es . (p . 14 .~ )
Sc hmi d t a d ds th a t t he re i s II cc n t i n uu u s d chllt .·
resear c her s as t o wh e t h e r this r e as on in g pr o c e s s {to e s nn
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no ns ni n usly or un co n s c ious l y. Smith a n d Welli ver ( 1990) i n
th e ir Jltll~IlI[Jt t o me a s u r e t he sc i e nc e p r-oce s s s k i l ls of
s Ludcut s r e fe r r e d \ 0 th e f o l l o win g def i nit io n o f " d e f i n i ng
Or>l!r lll juJllIl l y " : " Il e f i n i ti o ns d eve loped b y the exper i -
IlIcll lcr ( s) t u sa t is fy II n e e d experienced d u r f n g t he p l a nning
lin d uo n eluet Lon of an e xp e r Lmon t ; dcri nition of o bjects or
c v ent s '' " .!IN) O il ohservable c ha ra cteri s tics" p . 7 3 6 . T hu s th e
I· .. I I ~ o f th o s o t em p o r a r y def i nitions s e e ms In h e t he s lime for
hoth th e pup i l- s cien ti s t lin d t he L2 lear ner . They are both
t r y i n lt to sflt i sfy a n eed to s e t up s t nn d a r d s wh en ex pe r-L>
lIlIHl I lug ,
Gr i f f i t h s (198 7) s tr ess es t h n t a good ope ra tional
. l (' f i ll i t io ll e n a hlos n il e tn d t s t t n rru i s h e x amp l e s from ncn>
"XIl IIII'I I~ S a nd thut it s h o u l d a ns we r qu e s tio n s like "T l' j l me
h ow" or "Te l l me what th e s t an d a r d i s " . The e x t cnt t o wh ic h
t111~ 1.2 t onrn e r s eng a e e in the pro ces s o f di stingui shing
e xnmples from n one e xamp l c s i s refl ec t ed i n Rubin (19 75):
"T hl' good l ung uug-c l cn r n er mon I l o r s h i s own a n d t he speech
of o rhors , That i s , h e i s constant ly attend ing to ho w wel l
h i s s pe e c h i s bei ng r e c e i v e d lind whe the r hill pcrfurman r:c
!lIN' l s t lu- s t au d a r-d s he h a s l e a r n e d " lor invent ed ] p .47 . The
1.2 11' III' n l' r ' !ll grammati c a l i n v e n t i on s are t hus constan t ly
chal Leng ed , Thi s fo r c e s t he l ear n e r to be mor e precise i n
th o ro r mu l n t f c n o f hi s ru le s. Any s pe ec h pattern co mi ng f r om
1111 nuth o r j t ;y (It'ach t'r or book) t hat does not f i l L2
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l e arn e r s' ru les a e e gro un ds f o r l ' (' v i l' w i ll ~ lh t· ncc ura c y Il f
these r u l e s and mflki ng up ne w Dile s I hR I u r e Cl01:1' I' I n th r-
accep ter! s ta ndard r u l e s of th e F'r-cuch 11l1l!:'Il IlIP ' .
Gr iff i t hs ( 19IH) dol's no l g t v c 1' 11) " Lndt eut t ou l h u l
the process its elf can b e go o d 0[" h a d . 1If' t:o l111l1cnls "li th e r
on t h e ap p r o pr ia t eness of c o r tet n np e r-ut inual ,It ' rin i I lUll S .
He c l a i ms that : " ••• 8 g o od ope en t Lo na l d ef i n i ti on uruk es
th e meanin g o f a g i v e n tcr m a s e l e n r and pe nc t i( :ll l ly
a pp licable a s p o ss i bl e" (p .2S). Th e prcs cn t t hl's is i s
als o not s o co n c e r n nd wi t h q ual it y cu n ll'''J. II Il l l t' Ol!>ls I"
ack now ledge t he L2 l e a rn e r ' s e ng-ag cment (i mpl ic it O J'
exp l ic it) in th e pra c tl c e of rl c r intng o pf' rlll in lln l l .y tor-ms,
conditions an d ru l es . It c an be Ilrg llNI. how e vor, t h a t thr-
L2 l e a rn e r ' s c o n s t a n t fa bric" tio n o r i ll " l'rol't in l l' ""d " "I
so p e e c Ls e r ul e s i s i n d i c a tiv c th a t t he p rOCI' I; :; " r ,I efini lll{
o p e r a t i o n n l l y is n ot prope r ly u t f Llacd , P e rhllp ~; 11 11 i ut ur t Lou
of the proces s i s what ca n h e c r c d l t cd to t In- 1.2 f enrnee,
Pe r-h ap s i f th e process was mo r e eo ns ci nu s t h r- 1 '· 'l t lli ll J.: n f II
second l a ng u ag e wo u l d h e mor e e r rt c t eu t • Ma r r' il ! IIml Net t cn
(199 1) com pa re d e ommuniea t i o n s t r a t eq i es II S ll d loy t hl'
e f fe c tiv e a nd l e s s e ffe c ti v e F I s t udc nt s , I n t hei r'
c on c lusion th e y h yp ot h e s i z e d Lha t " • • • i f i t W111'1 ' lI e lllou :; -
t rated that use o f a chievement s t r a t ec i o s f a t y:, "! fi r
c ommun i c a t i on s t r e t e g y ] e c ul d hr. tnul{hl ill 1111, ,~ llI s sl'f",m,
young EF I (E ar ly French imme r-aio n] I Cll r ,lI ' l"s mild ll IH ~
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a s s Ls t nd i n im pr o v Lng th e i r co mmu n i c a t i on s k i l ls , a nd
Ill ' d Ia l ' s u l timate ly , gener a I Rc h ic vem c nt "( p .4 57 ). ),jar r ; e
IIl1d Nc t t on li r e a l so h i n t l ng at t h e po s slbiLi t y t h a t
s tru teg f es ea n he t a u gh t a nd t h a t t h ey mig h t h a v e a
pos Lt i ve ...r f l'c l o n p e r f orm an ce i n othe r d i s c i p l i n e s .
III conc l usio n , t h e th e o ry p r e s e n ted a b ove se e ms
Ilu r r ic i e n l t o i ni t a t e 1\ rlc b lltc o n t h e g-cnc ric n a tu r e o f
lid s vs e i onee" p r c bl em-e s ol ving pr o c e s s . 1 1 ca n r easo n a b ly b e
1l1l1:11nU!,l. ho we ver , th o t you n g 1.2 l e ar n e r s d o no t pr a ct i c e
thi s cog ni Li v e uc t Lvi I y c on s cious l y as wo u l d sc i e nce
s tu d on t s who WQu id h a v e be e n g i ve n e xp l i c i t i n s t r u c tion on
ti ll ' IISf' o f t he pro c e s s " d e f l n Lrur o perati on a l l y " .
lI y p o t h(~ :l i :l. i ng
In the t c n che r ' s gu i de Sea r c h i ng f or St r llc tll r f> ( J!) 79)
" hy p o t hes iz i ng" i s d efi n ed 11, 5 :
. • . propo s ing a t en t a ti ve e xp l a na ti o n, b n s e d
o n pr e v i o us e b s e e va t Lc n s , for t h e o ccu r e en c e
of II s o t o f o v en t s • . • I t e nn be a g-ues s t o g u i d e
' IfI Ln v o s t rq a ti o n ( o pe rn tio'UII hy po t h e s i s) o r
a c e ep t e d a s h i gh l J' p r oba b le i n til e I i g ht of
e.'l I Jlb l i s llCd f a c t . (p .5-6)
Gr if f i t h s ( 1987) arg u e s th at the f ir s t pnrt o f th i s
.te rtn tt t o u i s cor rec t hu t h e c h a llenge s t h e " g u ess i n g ga me " :
TIll' seco nd p a r t , wh i c ll say s i t i s a g u e ss ,
i s mi s l e ad i ng b e c e u s c usual l y i t i s no t.
" wo u ld be mor e approp r i a t e t o say t hat
s ome hypo t he s e s a r e l o g i c al e x te n s i o ns o f
exls l i ng un d r r st and i n g a n d s ome Are no v el
romb i UJIt io ns of exi s t i ng u nde r st a nd i ng ,
wId I t' .'l f t>w, wh ic h are IIpplir e nl ly n on - Tog f ce l
i n or igi n , may ap pea r to b.. i " ,qpirNI g Ul'S.'>!'S
bu t arc in f a c t gen l' rR I I ,)' t nc p r-od nc t o f
a p er i od of Lncu ba t f o n, (p .ll)
Abo u t th e na t ure of It h yp o t h e s i s ill p r-u blem-es ol v iujr
Gritf i th s o bserves :
It is i mpor ta n t t o mllkc tlw poi n t Hill!
hypot he s e s flr e n ot pr- o ve n no r . li s prOY I'll;
r a th er , e vi dence i s f ound wli i d l s fllll'Or ts
l h em o r e e r ut cs th em ••• . I I h3'i ,otlll,..ds .. hi e:h
is su ppo r l e d III one p o int in f imn DIllY h e
r efut ed by f u rlh e !' e v Ldc n c e on Imo ll le l'
o e e a s I on , (p . l Z)
Goodma n's (1 971 ) de a e r I p t Lou o f the reec pt t ve pI' flec'SS t's
i s s t r-o ng evi dence s upp o r ti n g t h e po s t t i o n th a t t he pe o ee s s
o f h ypo th e si zin g- i n La ng-un g e l ea r ni ng- i ,~ 1I1l! san'" ;os
hy p o t h e s Lz Lng in science p r-ob l c m-es ol vi ng t
, • • b uL t Ire ef fici enl Ill nglln ((1' 1I,~ c r Illk l' .'>
th e mc s t d i re ct r cut e a nd l o uch e s (/ It ' fl'''I ! ,~ 1
ba s e s n CI~e S Sllry 10 g-e t t o lli s ~o ll l , li e
a c comp Li s h es I h i s by s amp l i flg' , re ly i ng Ull
t h e r ed undan c y o f I lln g uag e , find hi s kflll WI f 'I"fI'
o f lingu i s t i c s cc ns t r-a rn ts . /I e p r e rl ic f N
s t r-u c t u r-e s , tes t .." l hcm IIg'Jl i n s l Ih e Sl'lIlllfl l il'
ec n t e x t which h e b uilds up t r om t lte s i t u a l i .. "
a n d tb e o n-go i "g di s c our s e lind Ihl'" cO ll r i l' II1S 0 1"
di s e o nf i rm s a s h e pro c e s s e s f ur l ll. !r
I ling u a g e . ( Goodman . 19 71 , p . 13 G)
Experim e nt ing
Ex pe r i men t ing i s :
• • • t he p r o c e s s o f r-e c og n t z i ng IHI<1 f "rmll 11' / in/{
a p r obl em , pl anning a n d c(Jn d lJf~li "l( I I tesf o f II
hyp oth e s i s and u s l ng- th e c o l lec t e d " I!sull '0
p o s e p o s sibl e a n s wors t o th e p r o/ ,I (>IO .
(C o o k e e t 01. J 979 , V. 7 )
Cl e a rly , 8.5 Grif f iths ( 198 7 ) po int s out , o s pe rimeut t na
n e c e s sit at e s Lhn u s e o f a numb e r- o f p r-occ s s es s u d l a s
observ ing , hy p o th e s Lzi ng , r.o nt ro l li ng varta blu s wit h t he
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p ns xihlo in c lu si on of th e ot her p r uc e s s e s of sc i e nc e . An
. ~ llp(' r iQllH,t is It s ys t c ma t t e a tt empt t o so lve II prob lem. The
e xpe ri men ter, Ifu i t:lcd by a n hy po th es i s, organizes t h e da t a
"n llf~ l~t ('fl s o n s to i den t i ty a p at t er n i n hi s / h e r
o bs nrv e tious , ne s crt on h i s /h e r e mp i ri cal work t he
s efent l s t i s t he n i n 11 p o s i ti on t o f o r mu late , su ppor t
umdl t y II the o r y .
In e umpuri s c n, mos t o f th e L2 l e ar ne r s ' energ ies ar c
sp nut o n ex pe r i men t i llg wi t h l an gu ag e . They t e st t h e ir
II,Y/Hll h c s r !l a b o u t l a n g-ua g e and r e v i se t h em as the y re c e ive
f " I'.l h llc k ( 1'010 their li sten er s . Th ei r g o a l i s t o d t s c cv e r t he
(' xis li lll{ pet t c rns ti t lIH~ l an g u a g e. S t e rn (1 983) l i s t s ten
t y pes of I lingu llg c l e a r n i ng s t rateg ies t hat h e iden tifi ed i n
191 5 . Ollt~ t yp e he ee t ned "E xper i men t n l stra tegy". He
!It.· f in ed HS: " II meth od o lo g i c a l bu t fl exi ble a pp r oac h ,
d e velnpl ujr t he n ew l a ngu a ge i n t o a n o rd e r ed sys te m a nd
con s t a n tl y r r-... i s ing it " (1' .41 4) .
The re nrc , ho we v e r , fu nda me n t a l d i f fe r e nces bet wee n
t h e l i ngui st i c det e c t i ve an d t h e s cie n t i s t , The l a t t e r i s
o r t en in ...olv ed ill t r y ing t o mnk e se ns e o f a ph enom en on
wh e re t here co. n be 110 re lia b le a p p ea l t o au t ho ri ty.
Also, i t cauno t be s ai d t h a t ch i l d ren co nsc i o us ly ex pe r i me nt
wit h t h e i ., n ew l llllgua ge s i nce th e y d o no t de liberat e l y p l nn
t o t es t s ome s pec i f i c hy p othe s i s . I n s p i te of the se
d i ff e r e n ce s , s inc e t h c p r o c e s s of exp e r i meu f i ng- in sc ien ce
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e nc ompasses a numb e r o f ot he r p r o c e s s e s tha t IHC s(' nU\II -
t i c a l l y a n aLog o us 10 th e ecmmuu t cnt t on st r atojr Lc s , i lll
s ema n tics c a n no t r e a d il y be labell e d a s dif f ere ut f r om
ex pe r i me n t t ng wi t h l a ng u ag e ,
Gr if fith s i d en t if ie d a t we l f t h pr O C 1~ S S t hllt d n c s n o t
app ea r in Ga g n e 's ( 191 0) l i st. Po r-mula t ill l: model s i s , Il 'fi lu ' , l
• • • de vi s ing mo d e l s In d e s cr Lbc fl w h ch ll V i o ll l'
of s o me t h i ng Ih -'l l i s u n f a m i l i 'J! ' i ll I C I·'" .~ lJr
s omet hi ng whose b ch n v l ou r- i s f llnd I i ll/ ' •• . /11I
a n ll l ogy i s a l way s in vo l ved .
( Co ole t· ct Ill. 1 91 9 , p . 7)
Amo ng t h e l e a rn ing s t r a t eg i es th e 1 1l, 1I t::' llll ~ e 11' 111'111'1'
i s t h a t o f t ra n s f e r. Th e 1.2 l e n r u c r c n l'r i {'~ o v er 10 hi s
secon d l ang u a g e a lin gu i s t i c mo d el b u s ed 0 11 hl s f i l' ~1 1
l ang u a ge (Ru bin , 197 9 ) . Ttll! mod e l i s e v cnt uul Lv s ha p ed int o
wha t l i ngu i s t s c a l l Ln t e rl a n g u ng c ( 11.) . Thi s I lI n l-(" l l lt l-(" l~ l s II
cre at ion o f l e ar n e r s t o d ns o e t b e I II Ih l",os e l vl ' s Il ll ~ IOn,'" ill
wh i ch the s ec o n d l an g u a g e wo rk s a nd t o com mun i ClIlc t belr
me s s a ge s t o o t he rs t c o • to s o lve l ingui s ti c I' l'nh l l~I1I .'l . 'l'hl s
ha b it of r-e Le r-Ln g t o t h c f i rs t l an gu a g e i s no t ,, ! wIIYs
h e l pfu l t o th e l e a rn e r . Po r i n s t an c e ill th ~ Em:: I i s h 1;" ' !C11l1 ICe
s ome a d jec t i v es tend t o come b e r c r e th e noun , wh i l e t.hua u
sa me t ra ns ln t ed adj ectiv e s i o t h e Fr f'n d l I >ltll{ll IIIP ' 10011 1,1 1>1'
pl a c ed aft er t h e nou n . For ex a mple , " ' t' s 3 IO IIIC i r.lI 1 doo r"
c ou l d b e tr an s la t ed hy t h e in tl" r lll.n g llll. l(e model 1J .'l 1 ~r u ri
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"C'!'!s t un e ma gi q u c po rte " • Th e co r rect tr a n s l at i on i s
"C ' CRt un e port e Inng iqu c " . As th e lea rner s kn ow mor e of th e
a uco nd l a ng ua jre they r e ad I l y modif y thei r s eco nd l a ng-ua g e
mod el s o a s \ 0 be t t e r p r ed i ct th e s t ru c tur e of f ur ther
la ll lPJlI lCC lise .
Hf aek lind So lo mon ( 1981) cl ai m th ai t h e re is a dire c t
I ink h o t e on u anal og ie s a nd model s : " An a l og i e s draw
e t t e nt tou 10 s ome f am i l i ar nb j ent or pr o c e s s ; out of t h i s
g r ow,; th e us efu l theo r e t f e a J mode l " ( 1' .2 1\9) . Re s e a r c he r u
ill th l' f i eld o f sc ien c e ed u c a t t o n seem t o u se analog y a n d
mc t a pho r Ln t e r c hang e e b Ly in wr i t ir>g a bo u t the same co nc ept
1I111C:k lin d So lo mon c l a i m t hn t me ta p ho rs arc " • • • n o more t han
weu k li n, ] p ar ti a lly s tated an a log ies ." ( 1' . 25 0) . Qui nn an d
Kes s l or (19 8 6) c ont ras t the ahilit y o f s ix t h-gr a d e stud ent s ,
mon olingu al s and b i li n gu a l s , t o gen e r ate mult ipl e met aph or s .
Tlll~i r f inclin g s rev ea le d t hai b iling u al s ge n erat e d meta phor s
mo re o fte n th an t he i r mon olingu al pee rs . Suc h a n enh an c ed
ah ilit y s h o u l d r e fl e ct in th e b i li ngua ls ' ab il i t Les t o us e
e nal og i c s i n p robl em- s o l vi ng .
This hab it o f tr y ing' to li s e a model o r a n anal ogy to
bridge the f am il i ar t o th e un f ami li a r i s a l mos t seco nd
nut u r e f or L2 lea rner s . Like th e pup il - s ci enti st s . L2
l e e r n e r s re s o r t to II be tt er mod el wh e n they r eali z e that
Lhc i r- o l d mod el f ai I s to in c o r porate n ewl y disco ve re d seco nd
I nll glla g e mo rp hologica l, phonologi c al or sy n tactic r ules.
"Effective u s e o f pr o c c s s c l'l
A l i t e r a t u r e re v i e w s bould a l so h e 1\ b n l nuer••!
pr e sentation of a r-gum cn t s t h a t suppo r t nru l 0l'lIn s<, lht· l ht ' si s
under st u dy . It would e pp e a r- thn t t he revi e w ill por i I I is
mostly po sit iv e i v e • • in s uppc r t of th e wor king hYjl othl' sis .
Thi s s e co n d part of th e l t t e r a t ur-o re vl e w wa s I!. i nll'd at
co mp a r i ng p ro c e s ses in t wo sc cm i n ~ ly dir rel' l"JIl a ctLvi t j r-s ,
Th e p r o c e s s e s f or bot h s c i e n c e nl\n s eco nd 1/lllg ll llK tl
l e a rn ing / a q u i s i t i on we r e fOllnd 10 he slmi Lnr,
Th e proce ss e s t hem sel ve s a rc 11 1"1 111 "1' positL ve 1101'
n egativ e. T he u se of t he prO(~ (! !l S C S, howe ve r . rrlilY "(' 11111 1 ill
var y i ng deg r e e o f s uccess i n et t omp t s to explai n nr-
un d e rs t a nd l t ng u t s tie o r s o t e nt t r t e ra ct s • 1'111~ S \II:,< ,( ' '1 :1
l eve l in tu rn d ep end s o n the k n o wl edg e Ill lli nbLlit r c s o f ti ll !
If o bs e rv a t i o ns are po o r ( 01' in H I IHH: I~ . t h t, 1,2 11 ' lI r ll l ~ I '
will r e ceive or g i ve 8 le s s c l ear me s s ng c , Al so , t !l c f1alll
l e a r n e r s receiv e about th e wa y 1, 2 run e t t ous wi l l l,it/ll' I' IIf'
h el p f u l or n o t h e lpf u l in fo r mula ting h y p c the s os a huut 1.2 .
I nferences a bc u t meani ng o r a h ou t t he way the l a 1l1PH 1tP ' wOl'k s
ma y be po sitive, l eadi n g i n a good d tra c t f o n 0 1' I lf!K Jd i v l~ •
l ead ing in a wro n g d ir e ction . Pr ediction s C U rt b (~ ri g ht fi r
wron g , both fo r me a n i ng a nd for I ea r n i nt'.' ho w t h e 1.2 wor k s ,
Seco nd l a ng u ag e l e ar n e r s a re c o ns t a n t ly lIlodi f yin" 'IH'i ,'
c l ass i f ic a ti o n as they d i s c o v e r som e c la s sif i cation s e r n
right (p o sitive) a nd s o me ar e wr o ru- ( fl eg n l ivc ) , A x tudenI
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ma y "rong ly classify all v e r bs as be ing co n juga ted wi t h
a voi r , I. ingu i s il i c h ypoth e s e s a r e more or l e s s va l uab le,
ju s t as is th e case fo r sc ien ti fic h yp othe s e s . Th e use of
all t hu o th e r p r oce s s o s c an a lso b e assess ed i n l i gh t o f the
u s oj-ts kn owl e d g e e ud ab i lities . I n both a e t t v l t Le s of
rlr ohJ f'm so lvi ng a nd lang ua g e l e ar n ing th e mo r e nb l e f e arn e r s
wi II t end t o us c st r a t egies or proc esses mo r e e f fe c ti ve ly
t hun th e less a b le on e s .
Th e pUr- p O H C of thi s th e si s i s n o t to d e t e rm i ne
whe th e r o r no t th e s tuden ts a r e s uccessf u l at l e a r n i ng a
s nc o nd l an gu a g e via a p r obl e m- sol ving a p p roac h. It is more
concer n ed wi t h ac kn owJ e dgi ng th e L2 lea rner ' s h ab it ual u s c
of prob lem-so lv i ng tec hn iques a nd promo ti n g t h i s a cti vi ty 83
hn vi ng- p ot en ti a l f o r c h i I d r e n ' s deve lopment o f science
p r o c e s s s k i l ls.
Clcll r ly th e r e vi e w o f t he Li t e r c t ur-e i n pa r t I and II
i Ll u s trn Le s t ha t t h ere are Qla n y com mon a li ties b etw e en th e
p r-obl cm-es ol v i n g p r ocesses in sc ience end in l an g u a ge. By th e
s amo t ok en th e review sugges ts the poss ib i l i ty t hat a n
a b i li ty In l a ng u a ge l e a r n i ng c ou l d be a p r edi ctor o f an
a bilit y i ll s cienc e a nd vi ce- v e r s a . Th e main ob j e ct i on to
thi s th os t s i s direc ted t owa rd t h e a s sum pti on t ha t t he
c h i l d ren's expe r ien tia l t r e atment of sec on d l an guage
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l e a r n ing is co nscious. Ex p er ts .rl'! dlvldcc1 0 11 t hi !; i s su e o f
h a bi t ve rs us cogni tio n . Ste r n ( 1983 ) eI"I., thR I ti ll"
dif fe rent experts ' p o s it i o n s: " ••• Rrc ba aed o n .1i rr fO r c nl
p s y c ho l o g i c aJ i nt e rpr e t a ti o n s o f l a nl: Ulllt C I ~nr llin li: a lld n il
p lIych o logi ca l _ r(Cume n I s a nd c o u n t e r - a f !ru men t 5 "
( S t e r n 1 983 • p .2 89 ). Wh e t her t h e Illcelum ll'lm of l R nl-:lIa~r
l e a r n ing i s ceen t t t ve o r a e q u i s t t Lv e de e s not t ak e .... .. y ( r n",
i I s r e s emb aln c c t o t h e men t al gy mn Rs t I e Iw r r o l"nu' ,1 hy l h,-
sc i enc e pr ob l em- s o l v e r . AI th ou gh t h i s s t ud y tlo ~s no t n<ltl rl' ~ S
ii , the Il.rg ullu>nl s o f n l ey -Vr oillun Ls e o 1" 2 1) nlll k t· i t l Lk el y
t hat d ir e ct I n s t r ucti on o f p ro c e s s s k i l ls in h ot h s c i un c u
a n d I ang ll Dite a n d I h e cx p l i e i t ('ompl\ r Ilio n '"111 IIsL' 0 r lltel" II)'
s tude n ts nnd t e eche e s _ i l l l e a d t o ~lI ill S i n both n s-ea a ,
CHAPTER I I I
RESEARCH METHOOOLOGY
Resea r ch Dcs Ign
Th e jl"o al of th i s r esea rc h i s t o se t th e th e o r eti cal
f o un d a ti on to r th e elabo r atio n ot a p e dg a g og y ba s ed o n
s e c o nd l a n gu ag e l e ar n ing th a t wou ld enab l e s cience s t ude n ts
t o en ha nce t hei r s kills a t a e l v l ng- p ro blems in scienc e . Th e
a n a lys i s of th e lit e ratur e f o cu s e d on f i ndi ng si mi lari ties
b e tw e e n c h i l d r e n ' s ment a l p rocesses whe n sol v i ng prob l ems in
e c t e nce a nd t h e co mmu nicative s tr a t egies u s ed b y c h il dre n
when l earn i n g II. secon d l an g u a g e i n a French i mme rsi o n
co n tex t . I t wa s h ypothesi z ed that th e co ngr uency of l an g u a g e
l e arn ing s tr a tegies a nd probl em- s ol v ing s trat egies would b e
recog n iz e d by th e L2 lea r ner a nd t h us h a v e a p o s i tiv e e ffec t
o n hi s /h e r a b ili ties to s o l ve p rob lems in scienc e ,
A pape r a nd pen c il t est on t h e p r oc e s .se s o f sc ience
i ncluded i n a n a tt empt to p rovi de emp ir i c a l su p por t f o r
th e hyp c t he s l s , Th i s t est is a n ab r e v i at ed v e r sion 0 1 t he
t e st p repar ed hy th e Ne wfou n d lan d anrl Labrad o r De p artment
ot Educatio n . Th e tes t is ma d e o f 26 H ems d e s i g n ed to
ass ess c h i l d re n 's abi l ity t o us e th e p r o c e s s e s o f science t o
s o l v e pr o bl ems .
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Popul ati on a n d Sa mple
Ge ne r a l Prafl I e
The emp i ri c al wo r k o f th i s study was a i med a t l:o nlpftri n!C
t wo g ro u ps of twenty-seven g rade s ix stude nts on t h e ir
abili ti es t o use th e p r o c e s s e s o f science t o s o l v e p r-ub Loms ,
Th e tw o rrou ps a re a li ke e x cept fo r th e l angllll g l' th r oUKh
which they recei ved th e i r academic Instru c t i on. One g r o up
h a s been t n t h e Fr en ch immersio n pr o g r am si nc e Kind lH'I!:8 rl Cll
a n d th e o t he r g r o u p wa s i n the r eeul e r p r og r nm wi Ih EDit I is h
t he language o f i n s tru cti on.
T h e po p u l a t i o n samp le c ons is ted of s ix t h-g rade s tuden t!!
who were t e st ed to e nr o ll in th e enr ic hme nt p r cg e am mnnnKml
by th e Ro man Ce.t holic Sc hoo l Board fo r St.John's . Th e re s ut t
of the test t hey wr o t e i n grade f our reveals t hei r c og n I tiv e
abil it i e s . Th e me a sur e used was th e WI SC-R ( Wesc h lcr
Ln t e l Ll g e ne e Sca le f or Ch i ld ren - Rev i s e d , 1914). BfU',,,.:' o n
t heir a p titude s , c h i l dren were se lec ted to p e e t j ei pn t e in
th i s pr o g r am wh ich ofter s a n enriched curricu lum. Th e pa r ti-
ci pa n ts a t te n d th e En ri chm ent Ce nte r o ne d a y a wee k.
Th e c h oice of t his pop ulati o n i s r a t i o nal i z ed by
clai ming p racticalit y i.e ., th e WI SC-R r e sult s we re r e nd Ll y
ava ilable. It Is also J u s ti fi ed i n a n a ttemp t to contro l for
1) student's com mi t me nt , aad a ttitude t o wa r d ac ad emic
en deavors, end 2 ) pa r-en t e I s u pp or t. The st udents who arc
r ef err ed t o t h e cen te r b y t h e i r t e a c h er s are, tal' th c mo st
5.
par t , per c ei ve d as s t u de n ts who s tr iv e t o do t hei r b e s t in
sc hoo l a nd a re du l y s uppor ted b y t he ir par en t s . Resea rch
co nc e r n ed with the Fr en ch Immers i on prorr am h a s revealed
t h a t t h e popu l atio n or F r enc h I mme rsio n s tu de n ts app e ars t o
be com posed o f t h e mo re ab le pup ils ( Ca r ey, 1 984). Carey
al s o a s s e s s e d paren t al at t itude t owa rd s t he pr 0 lt r e.m an d
fo u n, t t ha t
" • •. parent s who e n ro l l ed th e i r c hi I d r en
i n the Frenc h i mme rsion p rogr a m wer e
t he ms e l ves more i n terested in s p e a k i ng'
Fre nch t ha n wer e t he p a r ent s who c hose
t he Emcl is h prOK r 8.1O a nd we r e more l ike l y
t o be l a leing o r h av e alr e a dy la k en F rench
courses thems elve s " ( p. 25 1 ) .
S uc h a n In teres t on th e p a rt o f t h e pa r e nt s c an undou b t e d ly
b e con s id e red a s ev idenc e t ha t th e y s u p po rt th e ir c hi l d ren
in th e ir academi c e ff or ts .
The s e mp Le o f s t ude nts h a s be e n ta ken f r om t hr ee
schoo ls in St.Joh n' s . The se sc hoo ls c r r e e ed 0 d ual s t e e ae
e du ca tiona l p rogram. i . e. , a French iPlInersion program a n d
t h e r eg u l a r monol Lng u a I p rogr am.
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1. 9. Con siderat ion
From t he t hree schoo ls thirt een boys and four l e en g t r l s
in the Fr ench Immer sion p r ogr am were s e l ec t e d to "' rit f' t he
t e s t. The I . Q. for t hes e c hildre n r-a ng e d from 1 18 t o 14 5
with a n ave r a g e DC 130 . 1 . Thirt een o f t h e m wo r o p ll r t i -
c i pa t i ng in t he enr ichmen t p rogram .
Th e popul at ion of t he regula r st r eam s t ud c ut s WII S DlIu l e
up o f s e v e n t e e n bo y s and 10 g ir l s . T he fa0lte o f I .Q . of t h e
r e g u l a r stream s t ude n ts i s f ro m 125 to 147 w l t h nn a ve r ng c
of 13 5 .9. E leven of t h em pa rt icipated in th e en r t e hmen t
prog ram . A two -way t -test wa s e mpl oy ed to v e rif y If t he re
was a si g n ificant d iff erenc e i n intelli gen ce s c crnx , Till!
s t a t i s t i cs are pr e sent e d in Tab l e 1. Ther e WIl S n o s i l(ui-
ticant differe nce in l.Q. b e t we e n t he t wo Rroup ll (p > .U 5) .
Socio Eeon olloJ ic S ta tus Consi d e ra t io n
Car ey (198 4), in his Re f l ect io n s on II Decade of rrl~n r: h
I mmer sion, s t a t e s t ha t the SES ot the parent s of t h e French
illlllle r s ion s tudent s i s si g n if ic a n tl y h igher t hltn t ho s e or th e
s t u d en t s I n t he regular Engli s h p rogram . Suc h II cl a t e wo u l d
justify c o n t r o l l i n g f o r SES. Howev e r , Q U iJlI l a nd GCfJr g c
(19 75) have tested the h y p o t h e s i s l hal t he re woul d he 8
differen c e between t h e qll ill ily of hypo theses gr:ncr al cd Iry
stud ents of differ e nt s oc l o -eco n omic l ev el s . They hav e
prov ided ev idenc e t h at the c o gn i t i v e ability t o ro rml/llllf~
hypot heses does not d ep end upo n pup I I s ' ecenere r c s t a t us. I II
5 8
l i R"ht o f t he evi dence p rov i d ed by Quinn a n d Geor ge a tig ht
co n t ro l ove r th e SES i s unwarra n ted . The Bl is hen Socio-
gco nomt c Ind ex t o r Occ u p ations i n Canada (1967) was used to
a s c e r t ain th a t th e grou p s we re not eco no mica l ly di s p a r a t e .
FOI" th e p ur po se of t his s t ud y, s ome in f o r ma t i on r e g ard ing
t he p a r ents ' occ upa t ion s WIIS ob tained f rom the s choo l
r e c o r d s a nd f urt h e r i n f o r ma t i o n wa s obtained via an
ad dl f Lona l qu es ti o n at t h e en d o f t he cr iterion- re l erenced
I CI' t. A two - tail ed t c t e s t ....as th e n u s e d t o a e e er t ern i f
the r e WIlS 0 s ig ni f ican t d if ference i n socia- econom ic leve l
be twe e n the t wo g rou ps. The r e sul t s 8f C pr e sent e d in
Til h le I. The re was no s ign i fican t diffe renc e b e t we en the t wc
Kroup:- (p >. 0 5 ) .
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De s er ipt iv e Da t a o f the Mc a n Socio-Econo .. i c Leve l Rnd WI SC- R
Score f o r F . I . a nd Re gul ar St ream S t udcntll .
Var i abl e Grollp Mc an S . D.
S .E .S. F . 1. 60 .35 1 2 . 3 2
Regu lar 60 .73 12 . 9 5
-
0 . 0 3
Int el l i.gencc P . 1. 13 0 . 3 3 10 .1 6
Regular 13 5 . 8 9 7. 0 5 - 0 .95
lOS , OF =52 i s 2 .009
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Te a ch e r (':ltpe .. i enee
Id e all y th e av e rage numbe r o f yea rs o f tea c hi ng
exp e r i en c e s ho u l d be the s a me fo r t he FJ a nd th e regu l ar
s t r cam t e a ch er s . ucweve r , gi ve n that t he Fre nc h i mmersion
p rog ram i n th i s p rovinc e i s ap proximate ly 15 years old , i t
wa s n o t poss ib le 10 s e l ec t g r oups of Fl s t ud e nt s whose
t e a ch e r s were as ex perienced 8S t h e teachers who ta ugh t the
regu lar s t r e em s t ud en ts. Th e F I te ac he rs who partici pa te d in
t h is proje c t av e raged 8 much s mal ler numb er o f t e a ch i ng
yea r s e x pe r i enc e tha n t heir r egul a r st ream co l leagues . The
c o n t r o l f or t e a ch er e xperi e nce was f u r ther c ha llenged by t h e
c hi l d r-en" s e xpos ur e t o t hree d if f e r ent teachers f rom g rade
four t o grade s i x. (The cri terlo n - ref erenced tes t is based
on i t e lDs that we r e la ug h t over the pu p i l s ' th r e e yea r s of
elcmun t e r-y science i n stru c tion) . Th e e v e r aa e t eachi ng yea rs
exper ie nc e 0 1 t h e grade s i x t e a c h e r s (Eng l i sh s t r e a m) who s e
s t ud e n t s p a r t l c l pa t ed i n th e p roject Is no l e s s t h a n
ni n c t c en cceipn r ed 10 fi ve y e a rs f o r t h e F I t e a ch e r s . GiYe n
t he co ns i d e r a b l e i u be Le n c e in n umb e r of years 01 tea chi ng
experi ence b e tween th e t wo groups 01 t e a ch e r s , it can b e
r easona b ly expected t h a t if t e a c her s ' exper ience h a s an
t n r t ue n oe on s t ud en ts' e ch Le vemen t , i t shou ld f a vo r- t he
EnK I i sh stream s tudents .
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Ti.e a l lo cation t or t eaching th e procc lu e " of .!Ici cn c:c:
The g rade s i x t ea ch e r s i nvo lved i n th i s pro jec t e e e c
a.ked t o f iJ I in a que s tionnai re . Th e p ur p o s e of t h e !Su r v ey
wa s t o d et e r . ine It th e re wa s a ny di f feren ce b e t ae e n t h e
a lllou n i or Ii . e t h e F I te a che r s a nd t he ir r CIlt'IlI. , s l r c a.
c ol l e a g u e s a pen t o n t e a ching a bou t t h e: cOlDplex (i nteg r at ed )
proce s s e s or s c i e nc e . Based o n th e t h e Scheo I Bo ard ' s l i .. c
a l l oc a t ion f o r the t eac h i n g or s e t e ne e , th e t e ac he e s wer e
a sked to es ti ma te t he p ercentage o f thnt t l ee Ih e y n c:llloll y
taught scienc e ( A) . Out of t hi s e stimat ed tim e , they wer-e
a sked t o give an ap p ro xi ma t ion of t h e li llie s p e n t on lr llch i n K
a bo ut th e th e i n teg ra ted proce s s e s ( 0) . Lastl y th e t e e c h c e a
wer e t o prov i d e a b r ea kd own o r t h e i r e s t Lee t ed ti mc s p e n t 0 11
the d t r r e e ent p r o c e s s es . A co py o r th e ques t Lonn e i ee c a n h r.
fo un d in appe n dJ x B.
I t "as no t po s a ib le , bc weve e , to d r a w . c a n i ng-i ll l
c o n c l u s i o n s rr o . th i s s u r ¥ e y. s i n ce o nly . s .. a l l pe r ccn t at( c
o r teache r s , a r t er r e p c a t e d appeal , d i d ri l l ill tb e
q uestio n na i r e. I t I s s u r mi s e d th a t It'Y en t he 918. 11 n umbe r o r
teach e rs s u rveyed , par ti ci pating t e a ch er s d id not th i nk tllI~
s u r v e y wa 9 a no n ymous enoug h a nd h en c e It d e t e r e d th em rr mft
rev e aling th i s kJ nd o r inrormation . Th e r e eu I t s o r t h e
s u r v e y are pr e s ent ed In Tab le s 2 a n d 3 .
"TABLE !
Pe rc e n t a ge o f a l loca t e d li . e s pe nt on t eac hi ng sc ien ce (A)
and p e r c en t a g e of that ,i .. e s pent on t each ing about the







Br ea kdown of t he percentage of t he time s p e n t teA ch i ng Abollt
the dif f e r ent int egrat ed pr o c e s s e s or ec t enee • •
% ot (8) t i eae s p en t o n • • • Regu la r fo'rent~ h
i _ c rs i ,,!!
ForQlU I a t j ng h ypothe s e s 15% 25%
De fining op e r at i o n a l l¥ ro
Int erpre ting d a ta 15 15
Con t r ail in g v ari abl e s I. ac
Ex p e r ime n ti ng 3. zo
Formu lat in g mo d el s 3. I.
Th e d a t a pr e sent e d i n t h e Tab l e s 2 a n d 3 must be inf e r p ro t c d
i n l i ght o f th e t ac t th at on l y 4 o ut of th e 12 t e ne he e s
i n vo l v e d in the p r o j e c t res po nd ed t o t he que s tionon l r e s e nt
t o th em.
* No t e : The num ber o f r e sp on dent s was very s lon l l .
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I n e t r uee n t and Pr oce d ur e s
An eas i ly admin i stered t esti ng instrument wh ich i s
app eop r i e Le fo r elemen tary ag e student s a nd is designed to
as ses s th e basic an d th e in t eg r a t e d p roces s s ki l l s and
con c op t s was read i ly a vailable. Th e test consi sted of
f o u r l c c n items a f ecd at a s se s sing attit ud e s towar d s ci e nc e
and f i fl y item s t hat me a s u r e d the de gree t o wh i ch students
Ill'ls im i l a t ud t he conc ep ts t a ught in sc i enc e a nd t he i r- a b i I i ty
10 usc t he pr o ce s s es of s e t en c e , Twent y - six o f t he se items
wc r-o s pe cl ri c al l y t e s ti ng for t he us a g e of p r o c es s s k i l ls .
All the i t eers we re of th e mult i p l e - c hoi c e type . The pe nci l
nlld pape r", mu l t ip l e- r e sp on s e test, c ons isted o f two to t hree
l tern s f or e a c h of t we l ve p r oc e ss c s , The pr ese n t re sear c h is
o n l", c on ue r n ed wit h t h ese tw ent y- six items.
Thi s t est wa s ma n da t ed by th e Department of Ed u c ati on
in order t o mo n i t o r e lementary s tuden t s' progres s i n
s clcnce , I t ha s b een a dmi n i s t e r ed t wice, in 1 9 8 7 and in
I !)!)O, t o a l l g r a d e six s t ud e n ts in t he prov ince. The p r oe es s
i Lems wer e de s ig ned 10 be i nde pend ent of the elementary
projr rnm. Some of the se i t ems , how ever , a re re lated t o topi c s
s t ud i ed wi t h i n t h e e lementary s c i e nc e program .
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P er llli s si on t o u s c th e I f' s t WA!l lt f. n ' r,1 by til t'
Dep.tllDent o r Ed ueat i on. (j o 'ternme n t o f Ne wfou nd l a nd and
La b r al,lor . The Al s i stan t S up e r i n t e nd e n t ( Cu rr i c u lu. ) It " ,,t' her
app ro". 1 f o r t e s t i n K' 10 be co n d uc te d I n t h e t h r e e a ebool a
und er t h e juri sd lc tl<" l o f t he R . C. S c hoo l a o eed for
S t . J ohn 's . Co o p e r. t ion o r t he adli in i s t ra tions o r t he t ar i el
s c h oo l s were a o Li e I t ed i n a pe e s e na l co n t e e t a n d .,i ll II
l ett er. Th e hom eroom teac he rs o f t he se le c t ed s tude n ts wer-e
a lso a p p roac hed and as k e d fo r their eeop e s-n t t o n , The y we r u
inst ruc ted as t o the t i me f or the ad min i st r a tio n o f t hai
te s t , lr i " i nlt t h ee th e op t i on t o r es c hed u l e t he te !l lill~ thll~
i f it c o n f l i c t e d w i th their s t u de nts ' pr ef err ed ~c l i ...L t l e a ,
P'e r en t e " consen ts t o t h e i r ch i l d r en ' s p8r t i e l pa t i on i n 111 1..
s tud,. w e r e o b t a i ned v i a a le t t e e e x p l _l n i u " t h e pu r po~ e IlIn l
t he natur e o r t he s t udy . Ad. i n is lr_ to rs , t eae he r-s , a n d
p ar en t s we re a ll a s su r ed o r t h e ee n r ident i .I i t y o r the
result s. Stud e n t s we r e e e d e awar e t h at t he r esult s t h r.y
wo u ld o bt a in ed di d n o t e o unt tow a rd th e i r IlC8d e mi e ri nll l
mar k .
The t est wlS adm i n istered du r ing' the r i r ~ t wCllk of
J u ne . Thi s t i me wa s pre fe r red si nce t h e s t ud en t s had
covere d most of t he sc i e n c e cu r rl c u I urn loy t he n . I t wa s
e drai nt s t e r ed on t wo dl r r e r en t d ays. On e gr oup took i t i n the
mor n ing at around 1 0 : 30, th e o th e r a t 1 : 15 In t he a f t e r no o n .
"A pi l o t te st wa s cond u c te d t o determi ne t he Bllloun t or tirae
nceded to coap l e te t he tes t. The ch ildren took trom tw e n ty
t o t h i r t y .. ta u t e s • The admi nis t r a t i on p r o v i d e d a n iso la t ed
ar c a t or t h e s t u dent s t o wr i te th e t e s t. Coo p e r a t i o n " a s
. il l in l[l y g iven a t all Ie ve Ls ,
T e d Va li di t y
The ideal wa y to assess s t u de n ts ' abili ties to us e th e
proc esses o f s c i e nee t o s o l v e pr o b l ell s i s t h ro ugh a n
exper i en c ed s c i e n ce e d ucato r's int e r p r e t ati on o f t h eir
res p o nse t o qu e sti on s r e lat ed t o th eir th i nk ing pa t t ern s IS
t he y pc r torlA :'!II p e c lt i c hands-on t a s ks . Such a n ap p r oa c h
wou l d re quir e s e tti ng up se vera l t as k cente rs and I nd iv i d u al
ob servatio n fo r all s u b jl'c t s . Howeve r , t h e c o mp l e x i ty ot
s uch nn o r ga nh a tlon a nd t he t ira e r u t f ll i n t f a ct o r r end e r e d
Ihis option t es s prae ti el l . The paper-and - pencil as s e s s.e nt
ee t h o d .as thu s p u t err ed.
A eomlJli tl e e ... t o r llcd to dev el op th e c r i te r i o n-
r efe ren ce d l est In 19 8 1 . Th e f i ve lIe.bers or t h i s co_ itt e e
wer e the D i r eclor of E Valua tion a nd Resea rc h , (now
En l u.Il lio n and H i gh Sc hool Ce rtifi ca tio n ) , a scienc e
educ ato r and a resea rc h s pec ia l ist at Me r.lOd al Un iversity,
Se icn ce-Mat helllllt ic5 Pr o g-ram Coordinat or. an e leme n t ary
Ica cher o f s c t e n ee , and t he Sci e n c e Cons u l ta n t wi t h t h e
Dcpa r tllen t of Ed u ea t i o n . Pe rsoune l wit h t h e D iv i s i on or
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Evaluation, g e see e cf lin d Planni ng we re a lso l nv o l v ed i ll
r ev i e wi ng the it em s and Ils semb li ll~ till' test .
Th e test i t em s " e r e chos en to 1\) mulc h t he
being t nugh t en d b } be o f app ropriate lli r r il:lIlt~' for (irnd .,
s i x s tuden ts . Certain it ems were t a k e n fr om II {Jon] l' r cl' ol'cd
by o t he r p rov inc es a nd by pull) Ls h er- s , SOffit" o f th CIl( ' h ad 10
b e modi f i ed t o me et t he o bj ec tive s o f th e t e st . Ot hl! rN we l'l~
wri t te n to r e fl e c t t he content of t he C ]c IIH" n (/I ry !lr;iCllt~('
p r og r am (G rades 4 , 5 lin d G) . T he f o r-mul a t Lo n of all th e
items ref lec t s co ntent t h eme s s Ludiec i n th e prUlr rllln {tr re ,
ph y si c al lin d ca r t h s c i e n c e ) . Th e p r o c e s s items, ho we ver,
we r e nol n e c e s s ar i J y dr aw n direc t ly f rom til l' uo n Len l tll lll.lht .
Th i s i s Il de s i rab le fea t ure s i n c e wh a t ne e ded mIHISllr l ~ ml· ,d
wa ll th o s tudents ' abi ll Li ea 10 p r o e e s s Sl': il~ 'HH' -r ,·l"II' . 1
p r obl ems , n ot t heir knc w l ed g o or t he clement nr y ncicuc c
conte n t.
Pr i or to t ho Ci nal s el ec t t e n t wo t os t Cor nls fl f ~)2 il"lIIs
each were admin i s t e r ed to 19 7 s t ud c u t s , Til l' i1t"' .s Will" I:
s c eeen ed fo r fl aws. When r t nvs we re di s oov er- ed , t be i 1.1:111:1
we r e e i t her r e j e c t e d or c orr- o c t cd , Tho se I h MI hc ha ved i ll 'Ill
a be r-r-nn t r a sh t e n we re di s c a r d ed .
There i s a lways II. co nc e r n when s o l oc t t mr lin IIch i c v e -
men t me a s u r e th a t th e d i f f iculty I CVtd wil l he luo 111W Lor-
the samp le p cpul e t Lo n b c Lng a s ses sed . Gi ven the s lIperio r
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abi lity o r th e students s elect ed tor t h e pre sent s t u dy, this
conce rn wa s we t I founded . Exami nation of t he result s
ob t e Ined by e l e ven French immer sion s t uden t s involv ed in the
enr i chmen t program ha s r e v e a l ed that the eel I ing of t hi s
t e st could be a prob l em I n that it ma y not g i ve an accurate
indi ca tion o f t he s t u d en ts ' achievement l e ve l s. The aver age
s c o r e or t he s e e leven st ude nts wa s 21 out of a tota l
pos sib l e sco r e or 26.
Given that t he elaboration of 8. n ew c r i terJ on -
r ef e ren ced test wou l d hav e r equi red h ighly t e c hni c al s k i l ls
a nd II lot of ext ra t i me , it was decided tha t t he present
t eu t woulll b e u s ed. Co ns i d e ri ng a l s o t he con trol i mpo s ed on
the compo:dtion ot these i t ems it was safe t o cla im tIlat t he
v a lidity of the t e s t was fairl y adequat e .
Th e r el i a b i li t y of t h i s tes t was det e rmi ned th r ough t he
computa tion of an alpha c o e f f icien t. The value of t h e al p ha
o f t he t o t a l t e s t b a sed on the data obta ined in 19 90 was
0 . 8 1. A 100% r e li abl e test would hav e an a lpha ot 1. 00 . Th e
al p ha ec er r t cj ent t or th e p r oc e s s items was cal cu lated t o b e
0.71. Il i .. l owe r than for the whole test bec a u se thi s
s u b t c s t co ntains fewer i tems .
Th e r e li a b il it y coef f icient Is useful i n as sessi ng t he
t h e co nsis tency of t h e test. Ano ther measur c t ha t y ields
"useful l n f c rma •. on is t he s tandard e rror of me esue e-eeut • I t
r e f lects th e t t k et t ne s s t h at an i ndivi d ua l's t est s ccr c
co n tai ns a cer tain amou nt or mea s u r ement er ro r . Co nseque nt ly
th e SEM wou l d b e smal l Co r a hig h ly re l i a bl e t es t . SEM f or
t he t o t al test wa s fou nd t o be 3. 05. In o t her wor ds t here is
68 % cha nce t hat an ind iv id u a l ' s t rue score Ce ll wi t hi n R ll
in te rva l or pl u s o r minus 3 .0 5 of his ca lculated sco re. Wi th
tw ice t he SEM, th e true resul t cou ld r e s i de w i th n !J5%
ce r- t a i n t y in t h e r an g e of pl us o r a tn u s ,. 3. 05 = 6 . l , The
s t andar d o f measuremen t o f t he scores o n t he pj-oc e a s
It em s is 2.1 5 . It i s s a e l l e r- given t hat it h e s fewer it em
t han t he total test .
Base d on t he s t atis tics pr esented i ncl udinlt t he ",cl'y
si milar r e s ult s ob tai ned o n t he d If f e r-e n t i f e ma i n 1981 fin d
i n 1990 t he t e s t was f ou n d to b e ade quate ly r eliabl e .
Li m i tati o ns of t he S tudy
Langua,g c o r testing
Ano t her c on s t rai nt t o t his study is the l angU Ag e or
t h e t es t i n g i nstrumen t . n r e d e six s tude nts i n iI_me r s i on we re
t aught sc ience In t h eir second language. Tltc i I' lack of
know ledge of scienti fic te rmi no logy i n Eng l is h coul d
possi bly h a ve been 110 h ind r a n ce to t heir achievemen t on t hl!
test. I t wa s, h o weve r, dec ided th a t to otrset t hei r lowe r
p ro ficie ncy i n F rench t ha n in Eng li sh , a nd to a voi d
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po te n tial tra ns lation pro b l e ms I f a Fr e n ch versio n wou ld
ha v e bee n used , th ai i t was best t"l lea ve t h e t e st i n i ts
or ig llhl (orIn i v e ,.; in Engl i s h .
An I d e a l s a mp le o f st ude nts would have b e e n se lected
f r om Itro llf" t au gh t b y th e snme teacher . Suc h e e e u e een o e
be i ng r nr e , it was not prac t ica l to co nt r o l fo r t hl s
va r f able , There were seven En g li sh stre am teachers, t hree of
who m were f CIIIDl e . The i r yo u r s of teac hi ng experience ranged
f ro m 15 to 27. Th e FI t e a ch er s num bered f i v e , th re e o f who m
w(' l· e teernl o , The i r ,year s of t ea ch ing experience were t hree
10 flig h t .
A bel t e e bn la nce h e t ee e n th e numb e r o f g i r l s a nd t he
nnmb e r of hoys in t he regu la r e t r-e am g r o up wou ld ha v e b een
desirnb l e t o o f fset a ny di f ference i n ab i li ties b et we e n th e
gi r 1 :1 and t he boys . Th e numb er 0 r cand i d a t e s , ho wever. who
mc t t he selec t ion cri teri a w a s li mite d . There were 1 7 boys
lI.nd 10 g i r ls I n t he regular s t r e am an d 13 boy s and 14 g ir ls
In I he It! s trea m.
Admin i s t ra ti on tillle
Th~ t c s t \'fa:'! no t administe red to all c h ild ren on t he
s a me .l ily o r du r- i n g t he ti me or the day. Due to
co n f lict i n g sched u les, most o f th e F I s t ud en ts wrote t he
7t
l e st duri ng the ti r s t p er i o d . t t e f rl' (!" " " lind t he r ('1:111"'r
e t r e a a s t udea t s w ro te it du ri nr t h e r t r- s t 1)(~rioc1 e r t e e-
l un " "'. Th e idea l tI _ e t o a d m i n is te r t h e l e st i ,; d ll r irl~ 11,..
fi rs t pe r iod a ft e r ee c e s a si nce c hi l d ren wou l d h av .. IIiHI •
b r e ak a n d "Q uid n o t b e all I i r ed a s I II (h e . (It·rRo o lI .
It prob ably d id no t . Ilke a u c h di r r eren (!c, hc wov e e , s i ue r- th. '
t est WI S o r sho r t d ura t io n (20 llIi llut es) '''IfI th e s t mle n t s
e e e e h i d)' brig h t .
CllAPTER I V
RESULT S m" THE INVESTIGATION
As wa s s ubel t t e d ea r l ie r, th e pu r p ose o f t h e s t udy wa s
t o pr op o s e R theo r e t i cal f r amewo rk f or an instruc tional
mod c I t o enhan c e s t u de n ts' problem so l vi ng ab iliti e s in
sci e nce. The va li di ty o f s uc h a fra me wo r k wa s tes te d by
cc mp n rieur the a ch i ev emen t s o n /I. probl em - sol ving sc ience test
o f gr ad e six Fr en ch Immersion s t u dents t o th e ach ievements
o f the e eeul e r st rc a m s tu de n ts . Th i s c ha p ter pr e s ent s t he
r ifld inR s o f th e stud y a nd t he an al y si s of the d a t a o bt a ined .
The mul t t p l e e oh o i e e test was a dmini ster ed t o tw enty-
se v e n ch i l d re n in Frenc h immers ion a nd t o th e s a me n umbe r in
the r eg u l n r s t ream. Th e tw e nty-six i t em cr i ter i on-re fe re nced
t e st wa .<" hand- s c ored . Eleve n o f th e s e q ues ti o ns wer e b a s i c
pr o c e s s e s i t ems and f i ft e en wer e integr at ed pr o ce s s e s items .
To de termi n e if there was a s ign ifican t dif f er en ce
b etween the me an s c o res of th e imme r sion s t ud e n ts and tho s e
o f t h e r e jrule r st r ea m s t ud en t s on a chi e vem ent on the ba s ic ,
i n t egrated, a n d t otal proces s items , a two-ta il ed t-test wa s
emp l o y ed , Th e r e sult s of t he t e t e e t an aly s i s a r e pr e s ent ed
i n Tab l e 4 . Gr a p h ics di splaying pe rfo r ma nce f o r t he t o tal
t e st , ba si c p r oces s it ems , a nd i nt e grat ed pro ces s it ems are
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Descri pti ve d a t a t or t h e mea n r es u lts or FI a n d regu lllr
s t ream. st u de n t s
I T EM T YP E STANDARD
(Proces ses) "IRAN DEV IATION
To t a l Re gul a r 78 .1% 6.' - O. G3
FI 71 .5 '.7
Basic Regu la r 87 .9% 12.. G 0 . 54
FI 88.5 1 1. 3
I n t e gr at ed Regu lar 1 0 .9% 9 .1 - 1 . 51
FI 69 .4 8.'
tOS , Of=52 I , 2 .009 (p> .05)
pr e sent ed in F i gu re I .
IJRsi c pr OCf!SSCS
The r e s u lt s on th e ba s i c p r oc e s ses we re co ns is te n t with
wha t was ant i cipated. Th e s t ude n ts sco re d ve r y hi gh on t hese
p r o c c s s e s , S i nce these pro ce s ses a re pa r t of children ' s
g cne r e I cognitive d e v elopment, it i s n o s u r p rise t h a t g i ven
th eir g r-e d e l e v e l, th ey scored h igh a n d that n o maj or diff e -
r en c e WIlS re po r te d. Al s o , co ns isten t with wh a t wou l d n or -
mllil y b e e xpe c t ed , a chi eveme n t o n t he ba s I c proc e s s e s
exceede d a c hi ev eme n t on th e int egr at e d pro c e s ses .
InteG r ated proc e s ses
The r e s u lts nn the i nt egra ted p r ocesses d o not
s uppor t the ma in · ~ p o t h e s i s. Th e r e wer e n o sign i f icant
d i tf e r en e es b etw ee n th e a ch i ev ement s Qf th e t wo g roups
(p >.05 ) . While there wer e no s ig n i fi c a n t differenc e s i n
achi evement on t he ov erall int egrat ed proc e s s e s , t he re
we r e so me i n te r es t ing t end e nci e s wit h reg a rd t o th e
in di vidu al p r o c e s s e s . Gi ven that there wer e o n l y t wo or
th r e e it ems p er ty pe o f pr o c e s s e s (fo rmul a ting hypoth e si s,
d efining ope ra ti ona l ly , controlling v a ri a b les, in te r-
pr o ti ng d atil , ex pe r i me n ti ng a n d f ormul at in g mod el s) ,
it was ccns t d e r e d that a t e t e s t wou ld no t a l low
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Rea u l t s on " r o r . u l a ti ng h ypo th e s es " ( s e e figure 2.)
we re h hh lor bo th ( roup s, c o n l i noJ n g t h e co nce r n wi t h
r ega r d t o th e ce l linI( or th e t e s t . F re nch i_e rsion
pupi Is, h owever . s how. s l i g h t l y h i lrher p erformanc e t h an
t h e i r r egul a r li t r e • • p e er s , which FI . t u d e n t s d o 1II0St o t le n .
Th i s is e o n s t e t e n t wit h t he l i nd in it's o r Ke ssl e r and Qu in n
(1980) . Th e r e s ul ts o btained on the p ro c ess or " f o r mu l a t i ng
.. odcl s " a rc so n e llr th e lop a s t o b e pos s ib l y altenuat ed by
.. ce i l i ng e r re c t , "Contro l li ng var iabl e s " i s th e same tor
bo t h g r oup s. Thi s I s t h e mos t dif fi cult, a nd l e a st ove r tly
used by t h e Fr c:n c h lo'lllcr sion group . Th e r e g u l ar st ream
s t ud e n ts te nd to be 5 1 19h tl y h i g he r t h an t h e F I g r o up on t he
p ee eea s 0 1 " In t e r p r e t in i" d ata " a n d " exp e r i llle n t i ng " .
Pe r ha ps , th e diff erenc e i n t e a ch e r expe r ie nc e b e twe e n the
t wo i'r oup s a nd th e r a ct tha t FI s t u d en t s h a ve n ot e eee t ved
a ny sc ience i n s truct i on in Eni'lis h s i nc e Ki nd er i' ar ten p lay ed
I n f a vou r or t he r erul ar str ea. s t u d en ts.
The s i ne 1e poor r lPs u l t s o bta i ned o n " d e t i n i n l'
ope r ll.t io n a l l)· · a e e co ns is t e n t wit h th e r e sult s o b t a i n ed in
1987 and 1 9 90 when ( ho s e same qu est i on s wer e posed t o a ll
e ee d e s ix s tu de n ts 11'1 t h e p rov i nce o r Ne wfou ndl a nd and
I.Ab r ado r . The s l a t ls t ic a l r e po r t on t h e s e ea r lier re s u lt s
po i nts to d i U eren t e xp l an a t i on f or th i.s phenomena :






FIGURE 2. COMPARISON BETWEEN






III l a ck o f emp h as is in the curr i culum , or so me o t he r r e a s on "
( Newf o undla nd and Labr ad or , 19 91) . A c l ose examination o f
o n e or th e i t em, nam ely ' 11 , s h ows that ther e were t wo
po s si ble corr ect a nswe rs t o th e qu e st ion . Th is ob s erva ti on
al o n e i n va li da t es t he t t ee and h en c e d o e s not lend it s elf
to any s e rio us a na lysi s .
Ge nder Pi ,rereR e e s
Th e da t a l en t itsetr t o f urth e r a na lysis . It wa s u sed
to c ompar e ac h ie ve men ts b e t ween ge n der s . The 1990
Newfo und land E lementa r y Science Ass essmen t and t he 1 982 an d
198 6 Briti sh Co l u mb i a Assessmen t re v ea led that th e r e wer e
d iffe r en c e s i n ac hi e vemen t b e tw een boy s an d g-Lr l s , Co n t rary
to p revio us res u l ts, III t wo -t ail ed t -t e st t e s t revea led th a t
th er e wer e no s ig rd f i c n n t d i f fe r en ce s in a ch ievem ent be t we en
the g e nd e rs . ( s e e F ig u re 3 ). This r e sul t co u l d b e exp l a i ne d
o n the g ro u nds o f p opu l at i on c h arac teristJes I.e ., th e p op u -
lation o f thi s re s e ar ch wa s se lec te d acco r d i n g t o a h i gh
L Q. c r ite ria , whi le the popula tion us ed i n p r evj ou ,
assessments had n o su c h criteria . Th e di f fe r en c e in popu-
l ilt i on s ize cou l d a l s o hav e a f fec ted th e me an score . Th e
r esult s o f th e t e t e s t an al ysi s ar e pr e s ent ed i n Ta bl e 5 .

















Descri p tive data lor- the .eaR res ult s o r boys and gi rls
IT Dt TYPE ST ANDARD
(Pr o ces ses) MEAN DEVIATION
I.2.!.!l BOYS 7 8 .1 % 7.'
GIRLS 77.6 9 . 5 0 . 2 8
Ba sic BOYS 89.4% 10.3
GI R LS 87 . 5 13 .8 0 . 5 7
Int egrat ed DOYS 69. 8% 9 .5
GI RLS 70 . 3 11. 1 -0.19
t0 5 , nr e az i s 2 . 0 0D ( p ) . OS )
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Ove r a l l , t h e t wo g ro u ps d o n ol see m 10 rlir r l' l' i n
ab ili tie s to s o lv e pro blem s u sing- science p r o c e s s s k i l ls .
Due t o th e l ow test ce i l i n g. h owe v cr , th e d i Lf e re n c es I n
a b i lity may h av e b e e n ma sk ed . Th e file t t h e t t he F I s t ud e u t s
di d e s we l l as t h eir r eg-ul a r- s trea m p e er s o f t he s lime I. Q.
i s , in i t s e l f re ve a l i ng . Pa r en t s o xpre s s Lng- c o nc e r n o ver
po ss ib le c ogn i tive dra wba c k s of t h e imme r s i o n pr()~ rlil" wi l l
b e r oa s s u e ed .
The e mp ir ica l i nv e s ti g a t i on tli d nc t p r o d uce ('v i ll l' Il I:C
t ha t t ended to suppo r t t he h yp ot h e s i s of th Ls tll\!ld l< . nlvu n
the lim it ati o n s o f t he pa p er n nd p(! !ll' i l ' Co'l l , ho wr-vor, !lnt
mu ch i mp o r l a n c e n e e d b e a t t a c h e d t o t h o s e r c s u I t s . T ill !
th e o r e t i c al f inding s , o n t h e o th er h n ud , ( c m) , ,, 'lIl d nr 'l i "c !
t he i mpo r tance o f s e c o n d la n gU llg e l e a r-n t ng- a s II po t cut t n I
co nt r i b u to r t o c h il d re n ' s d ev e l o pme nt of s ci ence p r o cess
s k i li s .
CHAPTER V
SUMMARY AND DISCUSSION
Thc g oal o f th is s t ud y wa s to p ro v ide th e or etic al a nd
cmp i r iC1I1 su p po r t f or th e s ugges ti ons that yo ung Frenc h
i mmers io n s e cond l ang u a ge l e a rner s de velop more enhan c ed
proce s s s k i l ls in s cienc e be caus e o f th e ir e x pe rience in
learning an L2 . Th e th eor e ti ca l f o unda tion f or th is
pr C'po s i t i on IfIHI o b t ained by compar ing s ec on d langu a g e
c tluc " to ra' d e s c r i pt ion s o f the mental t s ak s ot lea r ning a
s e ccn d la ng uage t o th e science ed u c a tors' d efinition of th e
proc c s s e s ot science . Th e s i mi l a ri t ies and the differ en ce s
b etw e en the tw o acti vi tie s wer e th en highli ghted . Empi r i c al
suppo r t was s o ugh t l:y adm ini ster i n g to two g r o u ps, Frenc h
i mmers io n a nd r egular s t e eec grad e s ix s t ude n ts , a
c r it e r i on-re f erenc ed t e st d e s i gned t o a ssess g rad e s ix
s t ude nts' a b il i t ics to usc the p ro c e s ses ot science. The
r es ul t s we re t h e n c ompa re d to d et e rmin e whether there wa s a
signi f icant diff erenc e in a ch i e v ement .
Th e r-es u I t s c o nce r n i n g th e i n te g ra ted pr o c e s s e s do no t
s uppo r t th e main hyp othe s i s . Ther e was n o s igni fican t
d i f fc rencc b etw e en t h e ach ievemen ts o f th c tw o group s,
(p) . 0 5 ) . I t wa s pred ic te d that th e FI c h i Idr en would hav e an
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edlte ov er th e ir r e l(ul ar s t e eee p e e r s when Il ttcQlp ti n lt t o
s o l ..... pr o b le.s I n s c Len c e , Th~ r-e au I I s s how t hll t the p ro c ess
ac h ievemen t or t h e two lt r o u ps are a bou t t h e S MMe • This
obs e r v a t io n . h owe v e r , i :s cons i sten t with Ge n e see ' s ( 1981)
flo d init's. His a na l y sis e e ve ei ed th a t ea rly a nd t at e Fren ch
i mme r s ion s t uden t s e xp e r ienced n e l a ir in e e bt e v encn t i n ." th
and science a s • res u l t of receiv i ng Acad emic I ns t r uc t ion I n
F ren c h . The theo r eti c al d i s cu s s i on thai r ol l ows s h ou l d pr o -
vid e a pl a u s i b l e ex p la na t i on t or t h e fa i lu r e 0>( the f' r cnl:!l
l llUl1cr s i on stud ent s t o o u t pe r f o r m t hei r r C!C ldar s t r-e am peera ,
Th er e we r e t wo maj or ass ump ti o n s 011 wh ic h the h yp o-
th e si s of t h i s r e s e a r ch r e sided . I t wa s a s sumed t h n t
t r a in ing i n p r obl e ra- s olv ing w.s oc c ur r ing i lllp li c i t l )' "u~n
s t ud e n t s le.rn cd a s eco n d l a ng u ag e in t h e i mmers ion p r o -
&,ralll. Th er e wa s nol eent i on ot th e n eed t or instruc tion s
10 r ee t t Lt e t e t r a n s f e r at th e c hildren's s kills a t sn l v i JlIC
c o_uRicative pr o bl ems to the n e w s i t u a t i on o f s o l v i n lt
pro b l e.s in e e i e nee , The s u c c ess o f xes s I e r and Qu i n n (1 080 )
In e n h a nci ng c hi ld r e n ' s ab i li ty t o f ormul a t e 11)'1 • ..h e s e s C ll t!
partl y b e e x p la i ned b)' thei r d i spensiol: o f Ln s t r-u e t Lons wit h
r egard t o t h e formu lat i on or hy p o t h e s e s . Th c i r r-es nt t a
s ho wed t hat In stru c t ed a nd nun - dn e t r u c t cd bi I i nKua!s d i d
b etter o n thei r q ua ltt )' of h)'p olhe st s than t he ir e e spe c t t ve
1II0no ] Jngual co u n te r p a r ts . Kess le r anu Qui nn pro po s ed a n
ell p la na t io n f or th e i r obse rv a t io ns: " Th e high er s cc e ea f or
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t he bilinguals e ueeee t that bi lingual childr en ex p e r i e nce
mo r e t u l ly t h e co nc ep t ua l c onfli ct that tr i gger s the
equi I ibration p roce s ses ot a s simi Le t Lcn and ac comodation
op-e r a t i ve in co g n itive d e ve l o pme n t " (p.30G) . It i s also
po ssible , h o we ve r , that th e bilingua l 's ea se 01 as 'limiiati ng
t he procedural kn owl e dg e of hyp othesizing s t e ms (rCm a
me n t a l readin e s s to recognize a t hinkin g pattern t hat i s
alr eady tamlliar • O 'Mall ey ' s (1990) e nu nci a t i o n su p por t s
th is hypoth e s is , h e c l ai ms:
• • • s trat egy transfer i s l arge l y ba sed on
a patle l' n-matching c on d i t i o n in wh ic h
ind ividuals loo k fo r commo n s ti mu l us
f eat ur e s o r o e r t e r-n s b e tw e e n new tasks
and context s a n d those included in t he
orig ina l l e a r n i n g or instruction ( p. 4 8 8 ) .
A s eco nd a s sump tion on wh ich t h i s res earc h was based
d ealt with th e generi c nature c r t h e proce s se s at sc i e n c e .
Th is position woul d be not be in tota l d i sagreement with
t he Piagetian schoo l o f t ho ught whi ch promotes the ide a tha t
intell ectual s t r u c t u r e s are independent o f the d i s e t p j i n e on
whi ch t he y opera t e. It would b e in d i sag r ee ment , howeve r ,
with t he s ugg es t i on t hat pre -puber ty student s enlfagc quanti-
l ativcl y in pro c es s e s tha t are labeled as acc e s si ble on ly
by po s t e pube r t y pupils. Another s c ho o l of though t promot e d
by Au,sllb el(1968) and Ga g ne ( 1917) wou ld dU f er In a ma j o r
way with the a s s umption t ~at th e proce sses a re learned
I ndependent of the s ub jec t b e ing st udi ed . Ausubel and Gag n e
wou ld acc ept the notion that pre-pub erty s t uden t a en gag e in
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thoUlfht p rocesses t ha t sc ienc e edu c a t o e a l a h e I 80S co mp lex
Th e s e tw o ass ump t ions woul d thu s s eem 10 poin t t own r d 11 11
hybr id i zation o f t he t wo ma jo r schoo l o f t hough t s on
t e ac h f ng and lea rni ng .
Science educato rs have o ften promo ted th ei r d t s ct pt Ino
as o ne wh e re t he acq u i re d pr ocedu r a l kn owl c<lg c enha nces
c h ildren's s ki lls i n o t he r disci p lines (Ar olls. 19:J O; Fli nk et
8 1, 19 1 9; Mc Le od, et 801, 1975). Ke s s l e r a n d Qui n n (t1187) h a v e
c la i med t he s a me as far a s l a ng u a g e l e a r-ni nq is co n e o r u od •
They submi t:
Th I s su bccns c i ou s e xp e r i c ncc i n ge ncr ll l jill:
l a ng u ag e hy p othe s e s mor e extensi ve ly t 'ulll
mon olingu al p e e r s may hav e ./l. s i Mi la r e f fec t
upon th e abil it y to g ene r-n r e di ve rgent
scienti fic hy p ot h e s e s o f i ncrcas i nlf Jy bc t t e r
q ua l i I J' . ( p . 184 )
I r t r an sf e r o f s k i l ls c a n occ u r b t vdi r ee t l n na t l y t hcn
ev i den t ly t h a e a must exis t t h ink ing p e t t c r n s t h at IH e
c ommon t o t he menta l ex e rcises ill both d f s e r p I i nns .
MoLeod e t a l , (1 97 5) I.y p o t h e z i s e d : " I r th e pro cess sk il ls
a re tru l y g e n e r-a l t a s b Le , th e n a bi lity t o co ntro l v ll r illh l l ~ S
i n t h e socia l s c i en c es , fo r e x amp L e , s hou l d predict II hi l{h
sco re on the pro c e s s in science -even i f the s tu de n t !l it }!
not t ak en ' p r o c e s s science '" p .4 Z0 • •
It wou l d seem th a t teach e rs' assi s t ance 10 s t uduut a ill
ma pp i n g th l n k l ng- patt er n s in language I c ar ninK p r O '~ ll S !l tl S to
p rob l em- s ol vin g p rocesses f n science s h ou ld tnei li ta tc t tOl~
8G
s t u d eu t s ' t r a n s r e r o f st r a t oeie s (r um ' lIlt' cl i s cipLine t " t i ll '
o t h e r , So I e n c e t aug- h t j II I hi' eo n t e x t of :I F rl' lll :h 11111111' 1'H i .. n
p r o g ram s hou l d p rovi de t h e j, I"1I 1 s et t j ujr r,,!' HlIt' h /. truus r er
t o O C(, III'. Aro ns ( 19 9 0 ) S ll~Jr {' s !s . h a l uhi Lity ,,, I " a n s f," " i n
cn h a n c e d wh e n t he r e a s o niug- l' ll ttl" 'll t o I", l e nrned i i< 1,,' 1\., -
t i e cd i n e n t t rely d i f fpr t' nl
A ne w h ypoth e s i s S (~ (,IR S 10 PIllI1lI' I' j.[(' fr' '' m th i s diueu.ss tou ,
I t e p p e ars tha t th c en hll11 , 'CIIWIlI <If 1. 2 1 earne r s , 1' 1, ,,,, ,,°111 -
s o l v i n g s kllL s ma y d <'IH.'ll ,1 011 whe th er th ,' .\' 1",v I' n"·,· i v ,,. j
i ns t f il et l oua t e s s i s t ,lI11:' : h el plrur 1111'111 ,,, i1S IH ll , ill l c' I Ill" r I. ?
l e e rn Lu g p r-o c e d u r-n I k n o wlc d gr- to 1I1l' s i mi l a r k .. "w l ,-, II:"I'
I nv o lve d i n p r ohlern -esnlving .
Chamo t a n d O 'Mll l l e y { [ (U l7 ) 1' 1' ()I l(J ~ ('d II 1'1''' I{ I' IIIIl .. r
in st ru cti on to i nt eg r-nt e s e c o n d I illi g-II/l IP ' t eill'"ill l:'
in st ruct ion wi t h ao a .l e ml c Lon r nt nc . T111~ C:AI. I,A (C nl{ lI i l iv l'
Aca d emic Languag e Lenrn i n g- Ap il r oll c h) i s a s c i ,)1' lr'llll !li -
t l o nn I Ln s t euc t I cns d e s i g ne d 10 help "r>[l(~ r ,, 1,' uw ll l f1"y " Ilf l
se co nda ry I.EP [L f eri t ed Ellgl i :-:11 Pr()r i " i (~ n c: y) :11,,,1(· ,, 1, : 10
acq uire l e n g u ag-e s k i l ls, as .. e l l as d.~v cl opi"l{ II SIl II II,l
ac a d emic langua g e b e s e in s c I nn ec , 1II1l 1l 11'JrI l1l i':!1 nll,l ,; ," : i n t
s t u di c s b e I o r e >!<h ni t ting t hcm int o tlH~ rnlliIl S lr (~ Il'" ' ''lrri -
c u Lu m. The progr am is dcsigned t o I " ;l dl the Enl{ 1 i dl I nlll \ "" I(I'
s k i l i s by r er e r l'in" 10 [ i t e r a t urc c ov e r f na subj ect urea n i"
sc ienc e , ma t h emn t Lc s an r] s o o t a l st u d i es, Chll rnul '1n ,1 O 'MlIll .. y
87
r" '~ " IlU" " l lf l tl lld th e Lnt r o du c t i c n of su bj e c t 111'1'11 c c nt c n t b e
i 1.\ r ,, <lII ': r ~d i ll rl [HI r 1 i 1:111II r s eque nc e , So i enc C' Ls t u he
ill l l 'o,Io"; ,,, [ fi n d : .. .. . s i nc e b ,)' u s f nrr II d i r, c o v e r y " p l' r na cn t o
s oion oe, Lt- n che rs {'11Il cnpit al l ze fl U e x p erient La l learnin g
upport u n tt l es "hid, p r o v id e s ho t h conte xt ua l su p port lind
1" 11:\1 " 1(" developmnn t" (p .2 31 ). Ad ml t Lud Ly t h o F'I prog ram
i s V I""y elos e t o pl"o vitl i ll j{ an id e al s e t t Lnc fo r promoting
i n ', u i lOy s k i J I I r an s I'ur ,
0 111.-1' l'lnullihl c Exp lllniltiofl s
TIl<' th elll' Y prcs e nt o d u bo v c ma y, f o r the mo s t p a rt ,
llf:l:n u n l fur 11,1' raid t ha t th r- F l s t ude n t s h a ve nol ou l -
1' ('l' f 'HInI'<I t beir monoliuc ua I p e c rs on t he t cs t o f sc ie n t i fi c
l, r Ol' 1'5 SI' S . T ill' res ul t s , h owe ve e , mue t b e i n t c r-p r e t ed in
li l{hl (If so rne uth er 1II0 re p ra ct i c a l c ous i d n r a t l o ns , I t i s
illll'tJ l'l n il I 10 co n sl der f Ol' in st an c e t ha I the l an gua g e o f t he
1"'l l i ll l{ i ns t s-unn-ut w a s En g li s h , G i ven th a t t h .. F'T c h i l d r e n
hu vt, III'Vl' I' b oe n I'X 1' O S 1'l 1 t o all Y sc ho o li ng in their nn t t v n
l llllj\"llilg-•• di s c us s t o n re lat e d to p ro h l c m- so lvi n g , i t ca n b u
s urmt s cd thnt their mon o l in g u a l pe er s ma y h a v e had f\ lin -
I(lI i s l i e a dv a ut ag e ove r' th em . T b c rc I o re , t he acad e mi c
I II 1It::"1l U l\"l ' of tlr t' t us t may h o ve c on tribut e d n e g a t i v el y to th e
FI s t udent s ' s uce o s s 011 I ha t t e s t.
,\ n u l h t' " rn c ro r r .. l a t cd t o I llnguil g {~ us e wh ic h ma y h av e
IllU'i\ IH' l; Rl i v[' impa c t 0 11 FI st u de n t s ' a ch ie v e me nt i s
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co nce r ne d wi t h th e c u e e Leu l ura .. "IE'ria l lur,l hy I ll .. F r"n ch
iNllp.f s io n t .... e he e s , Th e c u eri c ul ure .. "le' r inl Il~ ..d i s "
t e e ns Le t Lo u fr o.. t h e Engli sh v e r sion o f Add! !':" .. W (' $I(' )"
g e Le n e e , S uc h II t r nn sl. t ..d ver :<i on IIl1l y h a vl' .. c .. " si .. .. ,,1 1, ·
r.i l e d to co n vey t h e p r e ei s e IIu ' ,n , inl:" o r Ih ,' (' o IlCe' I' I ,. .lI l el
p r o c e s s e s t o be l e arn e d .
Te a cher e xpe r ience IlI'lY ha v.. pl .. y. :.l ,. Inn, ' ,' si l:u i r i" " n l
r o l e th a n a n t l c t p a t e d . On t he R vc r .~c . t r>II c! U' ! ' l<; II r 1111'
reg u l a r str e am p r og r a m a re much mo r e " l ll ,ol' i " Il I! ,-, 1 I hu1> 11... 1 I'
co l l e agues o f the F I s t r e a m, Th i s i nf llll'll l:" ,:<111 1 <1 hnv r-
p l a y ed i n f o v o r o f th e r eg-uLa r- " l r " lIm x t ud ent s ,
Obv i o usl y th e r e s ul t s mu s t 1'11 30 he illl t·rpr r- t' ~ 11 i n I IU'
l i g ht o r t h e dif fe r e n c e ill t h e IImOll 1l1 "r t i _ll' Ihal U ...
i r ou ps of t e a c h e r s ha v e Sp e n t o n t t'li r hilllt 8 h o ll l Ih l' I' r tl ·
ec s s e s , G iven t he u ns ucees s r u r 8 1 1l' .. pt I n o h il li lt li d :.:
i nf o ll aa l io n , i t i s un c er tai n whe t he r th .. r r- i s IIny d iff .. ro·, II:I·
betwe en t h e t ee g eo up s of t ee e h e r s as r a r 8 ~ I hI" :<1>1' 111 n"
sc i e n c e i s c o nc e r ne d . F rcnc h i lllmc r ~ i nn t e e e he r s , h" ...e ve r ,
II'I U!!t s p e n d a good p o r t i on o f t h e i r IIl l u e8 1("II I i .,,' r or
s c i e n c e t e a c h i ng t he vo e abu ill r y r c l e v ll" l 10 " I'lifl i cul fl f
scien c e l e s s o n . I t wou ld , t be r e r o r e, lIul h e IlII rC IHHlIln h l, "
a s s ume that th e r clt ul a r s t r e a m t e n c h e r s s p f'lld Inn " f' /l flt 1.,1I
time doin g sc i e nce t 1l811 t h e i r Pr u nc h i mmc r s io n e uunt urpa r Ls ,
I f s o , the r e ltu1 a r s t r e a m s tu de n t s ' I Ollg e r e xpo su r u I n t h f~
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lI Sl~ of t he i nlcIP 'Il\l' fl P"OC ~.:'l5 (~S may nave had II p o s i ti v e
l:r r .·c l fin thel f s c or e s ,
I.ill i t ill i Oll s on G c nc rl. l i'ul h i l it x
Ti ll' g ener-a L f z a t i on of t h oa e r e s ul t s s hou l d strict ly
5 lH 'a ldnl{ Iw res t r t e t c d Lo II cor t a Ln p opu l a ti on o f s tud en t s ,
till ' "'O I" C a Ide s tud e n t s , 1\ can h o we v e r b e argue d t hat
I'r ' f" II,1> jrnm .. r ldon s t ud e n ts o f l e s s e r- ab il i tie s a rc also u sin g
,. IIC/, s t rur cuir- s >'I IHI s h o u l d he <Il l i t e capa b l e o f a c h ieveme nts
lh lll al 'e s upc r Lc r 10 thei r r crrul e r s t re am p e er s o f t he s ame
ubi Lr t y , !I o w / ' v !' r, nil c vt den ee he re s u ppor ts I h i s a s s e rt i o n ,
Arl<ll h t,r cc n sl d or- nt t on i ll till' Lnt e r p r-o t a t t o n o f t h e s e
... -s ul t s h il S I n rl u wit h t h e d i ff i c ul t y l e v el o f t he t e s t
i tems. It ou n b e i n f err ed , giv en th e h il; h score ob t n l ned by
ho th I::rnll p s t h a ! , h ad t h e it ems bee n mo re c ha lleng ing,
11 more 11'11il1l:: r esul! woul d h a v e su r f need. The ou t oc mu o f
suc h nn al t er-nat e l e st could ha vc l c d t o a more a e an i n g fu l
i n t l' I·I' I'I' t a l l un,
l,dll c n t i o lla l Impl i e a t ion s
I t i s t hr- po s it io n of t he pr e s en t researc he r that FI
t .' udll'r N h:r virt ue o f th e i r p r Lvi Leg cd p o si t i on s a s seco n d
I llll l::lIll.:-e a n d s ct once t e n e hers , s hou l d c ap l t a l f z e on t h i s set
II f c I r-cums La ncr- s t o l eud s tu d en ts to dr aw p u r al l e l u bet wee n
'0
t heir '~.p erien' ia l1)' I n c l i n e d f ram c o f lIi nd, " he ll i n ..." I .......1
in s c i e n ce a c tivit i e s , a n,1 t h e i r Ii n jt ll i !lli .. d e t e e t I ....• ..u l e
p l ay i n g when a tt elllpting t o l e a r n a nd c O_"lUll ic ll l c i ll the ir
s e ccn d l a n g ua g e. Th e pr i vi leg(' i s n o t s o r l ' lI ,l il y :;1,,1,. ( ,1 h) '
their co l leag ues or t he r e gu l a r s t r e em , Th e I . tll' f ,It'. I with
s t u den ts tha i h a ve , r e l a t Lv e t o II I!! i r c rtl<l€! l ..... r. l. 1111 10 -
e e t t e e d th e p r o c e d u r a l r ul e s I:oycr nl llit th e i r lIa t i ve
lan gu a g e . Ch a ma I an d O ' Ma l l ey p a r ll p h r n sln~ Rn h i llow i t1. uu cl
Ch l , ( 1987) r e port :
L earning str- a t eg t c s II r (' co n ~;(dfl u .!l uI1C1
d e L f b e r- a t e " he n th e y ar c hi l it e ccg n Lt r v e
and a s s o c l a l ive s t a g es o f 1(' ll t n i nK hut m il ,)'
n o J on c er b e co ns i d e r e d s i r lilll',lf i c in IIw
au t o n o mo u s 5 111 :'e , s rn c o "If~ s l r a l f'g l cs 111' ('
a pp lied a u lollla tica lly a nd of 'r.' n wi ' hm l l
. WII.-tonClIIS . ( p . 1 33 )
Ke s s le r and Qu inn (19 81) s ug g es t I h llt th e 1.2 l e ll rll cr i x
c ons l a n t l y acti ve l )' i n vo l v e d in r e s ol v i u l: eo n f l t c t s e
I n d ual ' an g ulIl' '' d e vel op me n l , l h e in c rt ' lIs ed
de""' nd ,c; 10 o bl':l' r vc d cl /llJJ Il1 r r 'J" ir e, J by
l a ng u ag e in p ut ill I':p e c i f ic c U/ l u r ",1 cf)n l e x is
a nd Ih e c on seq uen t in c r e a s e In un c e r l lli n. y
i n r e s p o nd i ng in s p e c i f i c J a n r u a lfc eo n te x l s
e n h a n c e s t h e e en r t sc e be t we e n p Ol':l':i b ll '
l i nfru i s ' i c hy p o tb e s e s g o ver n i ,,/( l l. e t wo
I a ngr AAlf e S . ( p.1 84)
Met hodolog i ca l Di r e c ti on s
At tenti o n s h o u l d p r obab ly b e tur n ed towa rd I l!lIc h iJll{
me t a c o gn i t l v e l e a rning s t r a t e g i es . " Mot llco ((Jll t i o n r e f er s 10
one 's kn e wl e d g-e co nc e r n i ng o n e 's o wn c og n I I i V I~ prIJ C C~ .·H1 S lind
produ ct s o r a n )' th i nlt' e e l e t ed t o th em. c. K. , t1i1~ l e arn in K -
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e el ev e nt p r op e r t i o s o f i n f o r matio n o r d at a " (F lavel l, 1976,
(>. 232 ). Cha rno l a nd O' Mal le)' ( 1987 ), r e v i e win g wor ks by
r ns e a r-cho r-e i n t he f i e ld o f l e e r-n l ng strategies, s tate fo ur
t.n :l i c a s surap t Lons e
I , Men(8" Y .re r t v e learners IH' ~ bet te r l e arn er s • •••
2. S lr lliegics ca n be taught. •••
•1. I, e a rning s lr a t eg i es t ra nsfe r 10 n e w t a sks . Onc e
stude nts hav e become a c cust omed 10 us i ng l e a rni ng
s t ea t eef es , th ey wi I J use them o n n ew t a s k s that
a r e si mi la r t o th e l e a r n i ng a c t i v i t i e s on wh ic h
th ey wer e i n iti a l l y I r ai ned.
4 . Ac ad em i c langu ag e l e arn ing i s mo r e ef fec tive wit h
' c Jlrning s tra teg ies. Aca d em i c I.an g u a g e l earn ing
amon g s I udcn t s o f Eng ' i s h a s II seco n d l an guage is
g o vern e d by some of the s a me pr i nc i p l es t hll t gove rn
r c ading Rnd prob lem so l vi ng' among nati ve Engli s h
speake rs .
Ch a mot a n d O 'MallC'y c l a i m t h at r e s e a r ch evi de nce
s uppor ts th e r t r e t tw o p ropo s ition s bu t that "t he t r an sf er
o f s t r e t og i os 10 n e w ) ('Rrn i n g r equi r e s ex tensi ve t n s t r uc-
t l one I s uppor t" (p . 2 40) .
Th e p ro motion of th e transfe r of L2 learn ing s t r a tegi es
t e e us r e e 10 pro b l em- s o l vi ng t a s ks de ma n ds teacher tr a ining
and modifi cat ion of t he d el iv er y o f th e French i mme rs io n
c u r ricu l um. Th e te ac hers n e ed t o a c qu ir e t he s ki l ls
u ec us s a r z t o prov ide me t a ccgn i t I v e s trategy i ns t r uc tion t o
French i mmersio n s t ude nts .
Th e i mp lemen t a t io n o f a ne w model at i ns t ruc tio n a ls o
n eces s it at e s th e follow in g com ponen t s :
9 2
1. T heor e t i c al fr amework .
2. A cur r ic u la r s co pe and s e q u en ce.
3. M{'th odol o gi l'lsl direct in ns .
4 . Gu i d e l i nes for , o r I"x llmp l c s of , s p ec i f ic Les s o ns ,
S . S ug-g-e s t f n rrs of ev a l uat i o n o f sl lH./t' n f "c1, i <-·vrmenf .
( Ch a mo l, 1 9 9 0 ) p.501 .
Th e pr oduction o f t h e fir st item on t he a bo v e l i st hAS h l ' l'"
th e ma i n con cern of thi s re s ear ch. S ome me th ndol cgi un l
d ir ection s wcr e 8,0; 0 p re sent ed .
Recommendat ions f or Fu rt h e r Rc s e ll r c h
1. Sugges tions for r e s e a r ch us s n c La t c d wi Lh Lhi s " \Ir k
would includ e t e sting t o S l' C wh e t her th l' ,u l,l i I i nn rof
metac ognltl ve in st r uct ion on s t r at e g y " S (~ 1I11d 11"lln:(I-I"
wou l d enhan c e PI s t u de n ts a bilit y to so l v e pruhlems in
sc ience .
2. It wo u l d a ls o be in t ere s ting to ri nd 0 111 if such
i nstruction wo u l d af f e c t {a c c e l e r-a t e ) c hi l d r on's
tran si tion fr om con cret e to f or ma l cog n i t iv e
functi on ing.
3 . A c ompa r a t i v e s u r ve y of Fr en ch immer sion lind r cu u l a r-
s t rc am st ud en ts ' a ttitude t ow" rd sc ience co u l d r e v e aJ
inter e sting t n r c ene t t cn ,
4 . A uo mpa r a t Lve su r ve y o f e x - Fre nc h Imere r sion "t ..,llmt ,, '
ca reer c h o ic es mig ht reveal so me t h i ng abou t thei r
predispo sition towa rd a e i e n t Lf t o -ccrl cn t e d c a reers.
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5. A c ompn rison s tudy o n c hi I dr cn ' s use of ana log ies t o
so lve pr-ob l ems in d r r r c r e n t discipli nes wou ld a lso be
r e v e al i ng .
G. A si mi l a r s t u dy wi t h nu pi Ls or av e ru\t" e a bi lities mi ght
a lso he un d e r t a k e n ,
1 . A s t u dy wit h mor e examp les o f t h e I n l c l: r a t e d p rocess
s k i l ls cou l d be ur-de r t a ken , to a s c e r t j n if t he re
r ealL y arc diff er en c e s bet we en t h e indi v i d u a l
a . (,Ilstl y 11 s t udy o f t h e etfec l of e t r iling u al edu c a t Lon
on c og ni ti ou wou ld be e du c a ti o n al .
Co nc lud ing Rema r ks a nd Re cOllllllcndations
Tn co nc l usion, t h e ma i n objec tiv es behi nd An y a ttemp t
10 fae i I i tate a n en hancemen t o f th e us c o f t he pr oc e s s e s or
sc ience to so lve problems v i a l earning B s ve o n d l an g u ag e
s h o u Ld b e t o ( I) h elp s t ude nts beco me a ware o f what th e y d o
whell th e y l e a rn a n ew l ena ue e e , (2 ) h elp t hem r e c og n i z e t hat
t h e st ra tegies u sed i n l a ng u ag c are a lso u s ed i n p ro b lem-
so l v f ng- a nd (3) f in all y en c our ag e t hem to co nscious ly us e
t hese s t ra teg ies in b o th disc ip lines .
Th e co nsc ious e xe rcise, in i tse l f, of t r ene r er r ing
p r o c edu r a l kn owl e d g e f r om on e s ubjec t e r e a t o a no t he r cou l d
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h a v e a noth e r p o t e n t i all y b e n e f i c i a l ('r rl, ..t o n t hu c h i i<I 's
cogn i t i o n . I t is we ll know n t hat s u c h t r ans fe r or IIl· tl blt~nl­
so lvi ng patte rn s f r om o ne a cad emi c a re" t o nu c t he r n e e n , i s
r e s pon s ib l e fo r man y d i s c o v e r i e s ill s c t en c e • C,ic k Hnd
Ho l yoak ( 19 80 ) s umma r iz in g a.ne cd o ta l re por ts o f c r e a t l ve
sc ien t is t s a nd ma t hema ti cians r o rnnrk t " , • • th e d ov e t opmc n t o f
a n e w t heo ry f r e quc n t l y d e p e nd s on not i c ing and app l y i nlt n il
a n a l ogy d rawn f r om d i f fer en t d oma in s o f kn o wl ed go" (1l . 30 11) .
Th e y r e f er t o ex amp l e s s uc h as t il l'! hyde e u l Lc mo<hoJ o f t h e
bl o od c i rc u l a t ion sys t e m, t h e p la n e t a ry mod e l o f a t omi o
s t r uc t ur e a nd th e " bi l l ia r d ba ll" mod e l o f gll .'lC S 1\ :1
r epr e s en ting ma j o r sc ie nt ifi c t h e o ri e s e o ns t ru et e d hy u,d nl{
a n al .g-Le s , Thu s t he c hi l d inv o l ved i ll t hi s co e ut t l v o
t r-e n s r e r a c t i v i ty ma y be co mc mo r e al e r t li t o b s e r vi ng
si mi l ari ti es b e t wec n seeming ly dif f e r e n t p r ob l oraa Ilnll he
mor e op en to tr y us ing s o l u t i o ns t o s o l ve p r-o b l ems ill 1\
va r i ety o r c o n te x t s.
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1 . Dur i ng th e put schoo l vel r 1 991-1 9 9%. (' o ll~i d~ r i n g th e'
ti Ne s t ud e n ts s p e n t o n ex t r a -cu r r i cu l ar a c t iv it ies 1 " h . t
p~ r c en hg e o [ th e .ll oea ted t i . e r o r s c i e n c e d i d l O U
actually t e a ch sc ience ? ( Pl e a s ~ c i r ete your a ns we r)
50% 60% G5' 1 0 % 80 % " > 90 %
95% 10 0 %
I ha v ~ us e d mor e t ha n the a ) l o cat e d t l .. t' 10 t e-De h
~
5t more 10>
." ZO% 3 0> >3 0%
z . To h o w lQa ny d lrf cr ent cla9se s d i d yo u t e a c h u : l c nec 1
(Pl eas e c t r -et e y ou r a n sw er)
a ) My own c lass on l y .
b) My own c la s s a nd a n o t h e r .
c) My own clas s llnd t wo c th e e e ,
3 . Wha t pe r c e n t ag e o r th e t I .. c , YOU hav e u s e d io t e a c l,
s c i e n ce d o you es t t ee t e hav ing s pen t on t e a chi n g lIbo ll t
t he COdpI e x p r o c e s s e s 0 r s c i e nee ( f'o r .u I. t I ng
hYpo th esi s ; o e r ln t nr o p e ra ti o na l lY ; Co n t ro l li n g
"a rtab l e s ; Int erp r e ting d a t a ; Expc r h le n tl ng; a n d
Form u l a ting Mode ll " ? (P l eas e ci r c l e yo ur a n s we r).
I e st i .. a t e ha"ing s pe n t • • •
0% 5% 10% 15% 20 % 25% 30% 35% 40% 4 5%
50% 55% 60% 65% 10% 75% 80% 85 % 90t 95%
100%
or t h e tim e t e a c h i ng abollt ( he c o rnp lro. p r o c es s e s o r
~.
4 . or al l the t ' me YOU spent teaching abl)ut the
pro ~ ess e s of sci enc e . how would Y O U break it down in
t crm s o f per centage s pe n t on th e diff e rent pr o ces se s?
(Plcas e circ le y our an Slller)
ForllluJat i nlC Hyp othe s e s
01 0 10 %; t o - 20% ; 20 - 3 0%
40 - 50%; ) 50%
Def ining Op e r a ti on a ll y
o - 10 % ; 10 - 20% ; 20 - 30%
40 - 50% ; ) 5 0%
Contro l I ing Va r i a b les
3 0 - 40% ;
30 - 40% ;
o - 10 % ; 10 - 20 %
40 - 50% ; ) 50%
ln t o r p r e t i ng- Data
20 - 30% ; 30 - 40%
o - 10%; 10 - 20 % ; 20 - 30%
40 - 50% ; ) 50 %
Exper iment ing
30 - 40%
D - 10 % ; 10 - 20 %
40 - 50% ; ) 50 %
Fo r mu la t i ng Model s
20 - 3 0%; 30 - 40% ;
0-10% ; 10 -20%
40 - 50%; ) 50%
20 - 30 % 30 - 40%
P l ea se in s ert yo ur an swer sheet i n th e se l f - a dd r es sed
enve lope and r e t ur n I t to lie by Tu e sday, Se p tembe r 15.
Th nnk you f o r y o u r c oo p e r a t i on .
S i n ce re l y you rs,
Mi chel Gen e s t
Gr a d u a t e student
Fa culty of Educ a t i o n
Memor ial Univer s ity of Newfoundland




